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(57) There is disclosed a method of manufacturing 
4 5-dihydroxy-2-cyclopenten-1-one represented by the 
following formula [1] which is characterized in that at 
least one substance selected from the following (a), (b) 
and (c) is heated. 




[1] 



00 (c) a sut^siance contai-i-ig « saccnarK-.' 

^ pound which cortains uionic acid and'or 

T— acid derivative(s) 
<^ 

cn 
o 
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Description 

TECHNICAL FIELD 



[0001] The present invention relates to cyclopetenones having a physiological activity such as anticancer action and 
having a high safety and, more particularly, it relates to manufacturing methods of said compoundrand a so o ohar 
maceuticals containing said compounds as effective components. The present invention aS relates to a series of 
inventions useful in the fields of food, beverage, etc. 



10 PRIOR ART 



[0002] Pharmaceuticals which have been used in clinical therapy include many agents such as anticanrpr ar,»ntc 
antibiotic substances, immunopotentiators, immunomodulators, ^c (such as ZfatrnTaqents antlelaS 
jjant alkaloids) but it is hardly said that such a drug therapy has been compleLryTSshed alread^^^^^^^^^^ 



20 PROBLEI^S TO BE SOLVED BY THE INVENTION 



Si..th2«n r P^«««" .'"mention IS to develop highlysafe cyclopentenone compounds having physiological 
actions such as an anticancer action and to offer manufacturing methods for said compounds, pharmacLtic^s havina 
said compounds as effective components and food or beverage containing said compounds A^trerS of S 



said compounds 
IVIEANS TO SOLVE THE PROBLEMS 



30 [0005] The present invention will be summarized to be as follows. Thus, the first feature of the present invention 
is cTaJal'rL?"'*:' r.TT'"' '^-^-^i^y^^o^'y-^-cyclopenten-l -one represented by iSoZllgT^l Z ich 
IS characterized m that at least one substance selected from the following (a), (b) and (c) is heated. 



(a) : uronic acid or uronic acid derivative(s); 

(b) : a saccharide compound which contains uronic acid and/or uronic acid derivative (s)- and 

(c) : a substance containing a saccharide compound which contains uronic acid and/or uronic acid derivative(s). 




[1] 



45 



T J ^^^1° °^ P'^'^"* '° ^ "^^'^od of manufacturing 4.5-dihydroxy-2-cycloDenten- 

50 " T^'T""^"" ^"'^^'^"^^ ^^'^'^ ^°"°-'ng (a), b) an^ (c) is heated and the 

so 4,5-dihydroxy- 2-cyclopenten-1 -one represented by the formula [1] is collected from the above heat-treated product 

(a): uronic acid or uronic acid derlvative(s); 



55 



(b) 
(c) 



a saccharide compound which contains uronic acid and/or uronic acid derivative (s)- and 
a substance containing a saccharide compound which contains uronic acid and/or uronic acid derivative (s). 

niTJr^ J^^ ^^"^ '^^l""'^ °^ P'^'^"* ^^'^'^^ *° ^ "^^'^"^ °* manufacturing an optically active compound 

of 4,5-d,hydroxy.2-cyclopenten-1-one which is characterized in including the following steps. compound 
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(A): a step wherein at least one s 
droxy- 2-cyclopenten-1-one 
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ubstance selected irom the following (a), (b) and (c) is heated to produce A.S-dihy- 
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(a): uronic acid or uronic acid derivative(s). derivative (s), and 

(s); 

,B):anop.ona,.epw.erein4,5..y.ox..cvc,open.n..oneisiso,ate..^^ 
(C? a step where 4,5-dihydroxy.2-cyc,openten-1 -one is subjected to an optica, resolution. 
^OOOSl The tourt. teature ot the present in.ent.on relates to (...S-diHydroxy.-cyCopenten-l -one havln. an opt.ca, 

^-ntion .lates to H.4,5-diHydroxy.2-cyc,openten.1-one having an optica, 

rotation [ah^° -^104° (c = 0.53, ethanol) anticancer agent which is characterized in containing 

10010] The Sixth feature of the present invention ^^'^ ^"'^'d/^, 3, optically active compound thereof. 
4.5-dihydroxy-2-cy.^^^^^^^^^^^ 

^ crain:g':,5-^m;d;oV^^^^^^^^ -p--^^^ '"^'"^'^ 

pound thereof. . apoptosis inducer which is characterized in containing 

[0012] The eighth feature of the present invention ^^'^ optically active compound thereof. 
U-dihydroxy-2-cyclopenten-1-onerepresented^^^^^^^^^ 

active compound thereof as effective '"Q^^^'^^J^^j . a method for the induction of apoptosis which is char- 

pound thereof as effective ingredient (s). beverage which is characterized in that 4.5-dihy- 

s^'trfhiri^rrre'^s 

containing uronic acid and/or uronic ^^'^ der,vatn.e(s) whicM ^^^^^ ^ ^ ^^^^^.^^ a es, 

a saccharide compound containing ^^^^'^^^'J,.^?.^^^^^ LJid derivative(s). (an) intermediate(s) for 

amino acids, peptides or protein having a "-eShv the formula [11 or 4,5-dihydroxy-2-cyclopenten-1-one represented 
4,5-dihydroxy-2-cyclopenten-1-one represented by formula 1] J ,^ ^^^^^^ 

by the formula p] disappears and/or at eas^ a part of ^'^^^J^^^/^^^^^^^^ the formula [I], i.e. 4.5-dihydroxy-2- 
[0018] The present inventors have found \^^«V H?nT^t^e cvdopentenone^ /is produced in a heat-t^ 
cyc.openten-1-one (hereinafter, this will be ,ust ''^^^^^^^^^^^ (s) a saccharide compound containing 

ucts of at least one substance selected ^'^11';.°'^'^^^^^^ a saccharide compound containing uronic 

uronic acid and/or uronic acid denvat,ve(s) and « ^"^stance wh,c heat-treated products has var- 

acid and/or uronic acid derivative (s) and that fjJ^^^P^^^'^ J^^^^^^^ and antibacterial action and also have 

rcce^rr^:^^^^^^^^^^^^ ~ 



achieved 

BRIEF EXPLANATION OF THE DRAWINGS 



c:\cr ct tne Cv: 



Fig. 3 shows an apoDtos-.s-inouc ng a 
S'Tshows an ,R abscpt^on spectrum of the cyclopentenone. 
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Fig. 5 shows a UV absorption spectrum of the cyciopentenone. 
Fig. 6 shows a working curve of the cyciopentenone 

Fio' I '^:°'"^'°9'-3Ph''= ^es^'ts of the heat-treated products of glucuronic acid 

Fa 3 1°™ fh ?r °' W-.5-<''m4-2.c' clopJen. on. 

Fig. 15 shows the anticancer action of the cyciopentenone. 
PREFERRED EI^BODIMENTS OF THE INVENTION 

foS2?l in^hf'""^"* i"'""''^" specifically illustrated as hereinafter 

pound containing uronic acid and/or li a d Siva Ss^^^^^^^ ^ ' ! T.TT ^ ^^^'^^^^'^^ 

treated products thereof. Qerivat.ve(s) so far as the cyciopentenone Is produced in the heat- 

iSUl^™eti^^ 

cancer action, antibacterial action, etc oV ^056 ™ounds ^^.^^^^^^ k °' ^ « •■^^"'« °' 

Sy acwfsrsla cX?i^^ -"^a^-'n^ the cyciopentenone and/or 

for cancer and also as an ant Sfal aLe^ ^antS^^^^^ ^ therapeutic or a preventive agent 

terial bathing agent, etc. ^ ant.sept.es, antibacterial dentifrices, antibacterial cosmetics, antibac- 

those methods are useful in biocSS research a^^ ^n S ' ^ ! T"'^""' "''^'^'^^ ingredient(s) and 

ing agents and apoptosis induclionTnSifoi °' pharmaceuticals such as cancer cell differentiat- 

Sacid'oVuS^Sela^iS t^^S^Z^:'' 'T^'^ '^-♦'"^ « -^^tance selected from (a) 
ative (s); and (c) a substance cont^iS ' J sac^fde coZ^dt ^ ^^'^ 
tive(s). Accordingly, it is also possible to prep^rthe cvclXnTornl ' ^^'^ ^^^'^a- 

which is produced from a material contaiS^neither Z?Z Z (cZ J^^ ''TT (a), (b) or (c) 

[0026] It is also possible in the present iS^n to Se tirheSln^t^^^^^^^ °' 
or the purified cyciopentenone or partially-puSSrcrcl^eln^? m 1^ the cyciopentenone 

[0027] Uronic acid is sometimes ca fed 0^2^^/?^ f heat-treated products, 

in which an aldehyde group on^Sose remafns L^^^^^ T ^ hydroxyaldehyde carboxylic acids 

a carboxyl group. It is oresent in ZZ. .^TZ::: . IT " ^.^.""'^'y ^'^°hol group at another end IS oxidized to 
Examples of the polysaccharide colln a -^^^^^^^^ ScT^add'^r"' w'^ 1 '"'"^^ 

heparan sulfate, fucoidan. chondroitin sulfate, chondrSn dermaten sul ate tnd^ ''f '"P"^'"' 
various physiological functions aermatan sulfate, etc. and they have been known to exhibit 

examples of the 

produces the cyciopentenone on heatS is c^^ed bv 1. °I ^^ove-mentioned ones and any substance which 
acid lactone are glucurono- 6,3-lactore he eSt a^^^^^^^^^ ° ^''T ^'"^^^'^ °* 

idurono-6,3-lactone. Examples of the uronicTcS ts.er a^ m^SS^ as giucuronolactone), mannurono-6,3-lactone and 
Which can be manufactured from uronic acid utn!c add am^dl L?''^ ''^T ^^^^^V'^^thyl u.onates 

of them can be manufactured by common llhods manufactured by amidation of uronic acid. Salts 

Te (i) .nlh^irc" SSn":^^ r ""'n^ -'-c acid and/or uronic acid deriv- 

heparan sulfate, fucoidan. chondroiL suX cZd ml aTd h! '.^ ^^''^^ heparin, 

atives of the decomposed products ^nd salts of thP d^r^^^^^ ! '"""^ '""^'"9 ^^^^"Posed products, deriv- 

or physically-treated products thereof -c;omposed products thereof which are chemically, enzymatically 
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ture to 200°C for several seconds to several hours or, P^«'j^«t)ly^at 50 ^ a decom- 

said treatmer^t is cor^ducted under acid.c .^""^''^^^^ f^^^^^^ tor example, v.hen treated at 

posed product containing galacturonic acd and/or 9f ^turon'^ Snatfon takes place to give a saccharide compound 

ride compound containing uronic acid and/or uronic acd ester. ..-opposition method in which the start- 

10031] Anexampleo,theabove-mentionedenzyr.at.^ 

ing saccharide compound contam,nguron,c ac,dand/o^^^^^^^ uronic acid ester. Another example is a 

tinase and hyaluronidase for the saccharide ^^^^ uronic acid ester is decomposed 

known decomposition method in which the '^'^'^^l^;.^^'^^^^^ in the case of pectin or pectic 

by a lyase for the saccharide containing uronic ^^'^ ^"f " ""'^/^'^ 1 0 pect ate lyase (EC 4.2.2.2) or exopoiygal act- 
acid, a decomposition Is conducted by a known P.^f;" '^^^^^^^^^^^ uronate or 
uronic acid lyase (EC 4.2.2.9) to give a sacchande ^^-TP"^"^^^^^^^^^^ hyaluronate lyase (EC4.2.2.1) Is used 
methyl esta thereof at a non-reducing end. n the case o< M "^o"^ TncidenSy, In the case of alginic acid, a sac- 
while, inthecaseof a.ginicacK.,^an a,g^^^^^^^^^^^ ,^ „^on-reduclng end Is obtained. The 
charide compouna navHiy """"^'J'^^ r;''':'- . ".^^^^ , ■,hreo-hex-4-enopyranosyl uronate. 4-dexoy-L-erytnro-nex-H- 

placed in a neutral (in tarms of pH) or an "1^1'" =™'°" J„.,ure unOer an appropriale reductive operation, lor 

energy a. an appropriate ''^'"l^^^^Z^^n^^^^^^'^ ''- P'"»»"»' »°"' '» °"' 
example, in the presence ol ascorbic ™' microwave, near infrared ray. infrared ray. etc. or . com- 

containing the above-mentioned uron.c acd «"'^'°^;^^°";=J^^^^;^7de'^^^^^ are as follows. Thus, frute. vegeta- 
tains the saccharide compound containing uron.c acd or J^^^^^^^^^^ ^ ^^^darin orange and lemon), 

bles, leaves, seeds, etc. ^'^'-^^'f -^^^^Ja^ 

banana, nappa cabbage, cabbage, lettuce, perilla P""^"^'"' ^'y- °; . ^^^^^ beans, potato, etc.; cereals of 
onion, carrot, leaves of carrot, leaves of daikon and wakame seaweed), 

monocotyledonous plants such as wheat ^l^^^ZlTo^sZ s^^^^^^ (e.^. Lyophyllum ulmar- 

red algae, green algae and unicellular green ^'a^.^^'^-™ ^^^^ .erutipes Agarlcus ostreatus and Pasal- 

ium, Lyophyllum decastes, Pholiota nameko, Cortinel us ^1^''*^:^; ™ yeasts, filamentous fungi (e.g., 

r.Zstfanrsrsj'B-^^^^^^^^^ 

IrSla—nL^^tr-ai??^^^^^^^^ 
irom the abo.e^mentioned plants, microorganisnis or '^^ •^ll^"^^^^ ^^^s or processed lood products 
„ ,003^1 Moreover, in ll^e present '^«!°"~'^^^^^^^ conpound containing 

;-i-;d%°^jr:,^sri=s^^ 

r,rpa^2:L=s;ir:ruC~ 
» is^rirnc^srotraiSa^^^^^^ 



:0 aef '•^?^'flVP^ 



.n&tance r ea;ecJ as 

ta:io 



,a.onal one using m,aoo,ganisms) o- physical P'^''^^^V"'''r«<! weir""" 

substance prepared from said resulting ^^'^''^2''Trn ''!.un6 con^a ninq uromc acid and/or uronic acid deiivat,ve(s) 
[0037] The substance which contains a sacchande compound conlaming u.omc 
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contains a substance wh.ch is reactive with uronic acid, uronic acid derivative (s), intermediate(s) for the production of 
the cyclopentenone and substances reactive with the cyclopentenone such as amines, arriino acids peSs^X 
protein and It IS preferred for the manufacture of the cyclopentenone to conduct a pretreatment >^herebrat ea t a^i° 
of the reactivity Of such reactive substances disappears and/or at least a part of said reactive slstances i^re^^^^^^^^^^ 
' f!om the "XI " 'r^'°: pretreatment although a dry heating is preferred. For examp^ wafe s removed 

t en eated a 60 400°C 'o^*^^ f """"*'TT ^^'^ "^^'^ '^'^ derivative^ and 

=in nn ^ ^ ^^'^""^ '° ^^^^ *° 9'^^ substance which contains a saccharide con- 

lam ng uronic acd and/or uronic acid derivative (s). If is suitable for the manufacture of the cyclopentenone or h! op«- 
cally active substance thereof of the present invention wherein the proteins, etc. are insolubiliS denatured Sr 
'nactivated. An example of the method for the dry heating treatment is a heat-blasting treatmen^Sofair as men 
tioned in the Japanese Laid-Open Patent Publication Hei-02/79965 and, by said method, large ar^oum of ^eL^^^^^^^ 
subs ance. i.e^ heat-blasted substance, can be efficiently prepared. There is no particula limLorforTe hea1-b astS 
substance and its examples are heat-blasted plants, animals and microorganisms such as heaJ-Wasti veqetabTef 
h""':°°"'' ^^l ^^^*"^9e. Another example is a fraction whichTs p rep^^d by Jea^^^^^^^ 

eLmp'e?are a So^ '"'t'" decomposed protein t'herefrom OtS 

fro^Tnn 1! afraction Obtained by crushing said saccharide-containing substance followed by washing with water a 
oSini^? ^ I '"^'^-^'"^ '^'^ saccharide-containing substance to a pretreatment with an acid and a Tact on 
obtained by subjecting said saccharide-containing substance to a pretreatment with an alkali All of the D^e^^-la^ 
cyclopentenone-productive substances as such which are appropriate for the production of the cy decent™ IS 
.Teir^s^e^^edtlhe^^^^^^^^^^^ ^ ^^^^^^ — ^ - -d and,or u^orard^eri:!^ 

Sa trl^?m Jnt o,^'^'^ 2' production of the cyclopentenone mean(s) a substance which is produced during the 
arid ZI!? / ? H k""' ^k'^' ^""^ ''^"'^''^^ « s«<^<=haride compound containing uronic acid and/or u^or^c 
hII J f T^^J I ' substance which contains a saccharide compound containing uronic acid and/<^ uro,^,lc ac S 
denvative s) and changes to the cyclopentenone upon further reaction. Examples of the intermedSfe™ prSuc^lon 

■atSd^creJp^^c;:^^^^^^^^^^^^ 

[0039] The polysaccharides which are saccharide compounds containing uronic acid and/or uronic acid derivativers) 
can be manufactured by known chemical, enzymatic or physical methods. In the case of pectin fo^ exantrf Sh 
molecular weight polysaccharide extracted from, for example, rind of citrus fruits or apple may be ^si MaterLsXr 
the manufacture of pectm on an industrial scale are fruits and, in addition to strained lees (mosTy Sr^Sin7endo^arp 
after prepanng juice of citrus fruits such as lemon arxJ lime, the strained lees after preparation of apT uice 1 usedTs 
well. Such strained lees mostly contain an insoluble protopectin and it is solubilized (extracted) during he^L^^^^^^^^ 
manu acture to prepare pectin. Solubilization can be conducted by extracting with ar^ acidic warm to hit water and 
when the conditions such as temperature, pH and time in extracting are properiy controlled depending upol The type oi 
ficat^n n « H H m 'T"^'""^^ '° manufacture pectin having predetermined molecular weight ar^ degrel of esteri 
aSln thp , ' '^'""^ ^"'''^ ""'^^ °' centrifugation or filtration and concentrated arS alcohl? is 

^iarfa d'y pttir'°" '^'"'^"''^ ^^"^"^ an^c^sh^l to 

m^h°Jo.7''-rn^i"« °* P^^'" ^ P^''*''^"^ methylated galacturonic acid polymer. The carboxyl group is either 

methylester.f,ed, left as a free acid or made into a salt such as ammonium salt, potassium salt or solium sak Depend 
■ZZV^" °* r^ethylesterif ication (DM; ratio of methoxyl groups to total carboxyl g^oupsrSn is c^assS 

Food ProduSs^rdlS; t'^H-T P^'*" '^^'"S ' o^Materials for Devetoping N^^ 

Food Products edited by SatoshiYoshizumi, etal., published by K. K. Korin. pages 1 14-1 19 (1991)1 and intheoLZTt 
invention, pectin which is commercially available as a food additive ["Handbook of Natural Product 'e^^^^^^^^^ 
Toyama, et al.. published by Shokuhin To Kagakusha, 12th Edition, page 138 (1993)]. commerciaHy al'laWrHM pecJ n 
andLM pectin, etc. (refer to the above-mentioned "Handbook of Materials for Develiping New Foo7"SuS^^^^^^ 

rulL which are synthesized by a synthetic means may 

[0042] The heat-treated substance used in the present invention may be manufactured using a substance selected 
S^ve'Ts^'and ^c^aTf . 'TT"' ' ''''''''' uronic add anc^o'uroniac^ 

deri;1::(I?ara's2rt^rmS """" ' ""'"'^ ^^'^'^^""^ ^^^^ -"'^ 

SnrI nS'n7H''^'*''''^' ''^ "'^''"^ °' '"^^'"9 '^^^ manufacture of the heat-treated 

substance used ,n the present invention so far as the cyclopentenone of the present invention can be produced Thus 
for example uronic acid, uronic acid derivative(s), a saccharide compound containing uronic add andTor urSic acid 
derivative(s) or a substance which contains a saccharide compound containing uronic acid and/or uronic acidTerivt 
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tive(s) is heated at 60-350»C for several seconds to several days or, preterably, at 80-150°C ^^^^^^'^^"^'"f ^o^tinn" 
al days in t?^ of pectm, a heat-treated substance containing the cyclopentenone can be o^a-ned by hea.ng 
tor example at 80-150°C for several minutes to several days. Alternatively, when uronic acd, uronic acd lactone or 
uronic acS ester is heated at 60-1 50«C for several minutes to several days, a desired heat-treated substance contain.ng 
thr ydoSnSone ca^^^^^^^^^ Such a heat-treated substance contains trans-cyclopentenone and small amou t 
of cte cvdopertenone where the hydroxyl groups at the positions 4 and 5 are in trans and cis configurations, respec- 
, ely When the c^^^^^^^^^ purified f^om this heat-treated substance is made to react with acet.c anhydride in 

^hydrous pyridine and the resulting 4,5-diacetylcyclopentenone is separated by a silica gel column chromatography 
foliowX subjecting to a structural analysis of each of the fractions by means of nuclear magnetic ^If'^^J^^^^- 
contrmed that trans-cyclopentenone and small amount of cis-cyclopentenone are contamed in this heat-treated sub- 



[0044] There is no particular limitation for the pH upon the heating treatment and rt .s P^«<«^^^fJ° ^^^^'^^^ ""j!^"^^*^ 
rano ac-rcondition's. The pH during the heating treatment may be adjusted °' '""'""'^ 

used but usually production of the cyclopentenone is promoted by heat.ng under an acidic condition. 
rOM5] There is no particular limitation for the concentrations of the materials upon the heating treatment so far as the 
co?;^entraSs are wUhin such a range that the cyclopentenone can be produced and they may be set by taking oper- 

^'t:^e::^:^^n^e prese. invention may be either wet heating or dry heating aKhough, '^^^^^ 
the or^Kluctive efficiency of the cyclopentenone of the present invention, a wet neaiing is p>e.e..«u. , u v-.. ^. » 
heaSm al of wrheating methods such as heating with steam, heating with steam under high pressure, heating 
^Sigh preLsurL etc may be used while, in the case of a dry heating, any of dry heating methods such as a direc 
hSting SinTdry andtot air and an indirect heating from a heat source through a partition f/^^^^^^^' J^^^^^^^^^ 
the ^ecS; heating are a dry heating by an air stream and a dry heating by means of spraying while those of the indirect 

SyT The' ct'lo'p^'Sone^ln tJ: hL:tTerd product used In the present invention can be c^lleCed using antican- 
Sraction ariSeriar^^^^^ apoptosis-inducing action, etc. as an index. With regard to a collecting means, any of 
known pudfy"^^^^^^ means such as chemical methods and physical methods may be "«ed;^Thus. pu^^^^^^^^ 
met3s which have been ^own already such as gel filtration, fractionating using a molecular ^«'9ht fradiona^ng 
mer^SJnr extraction with solvent, fractional distillation, various chromatographic methods using '°";f ><^_;f "f^/f ^ 
Ta n^mal p^ase or a reversed phase, etc. may be jointly used whereby the cyclopentenone produced in the heat- 

'Z'Z^r^: wh:n"D-g?curonic acid is used as a uronic acid and its 1% solution is heated at 12rC for .our 
ho^Js the cydop^tenone is pLuced in the heat-treated substance. The cyclopentenone in this heat-treated sub- 
^ance is eiac^ed with a solvent and the extract is concentrated. Then, this concentrated extract is separated by 
Seans oi a^ fca gel clmn chromatography, the eluted cyclopentenone fraction is concentrated and the cyclopenten- 
TeTs e>!.raS"wirchS^^^ from tSe Concentrate whereupon the cyclopentenone in the heat-treated substance ,s 

iowT' Alternatively the above-mentioned heat-treated glucuronic acid is treated with a column of ion-exchange resin, 
Sbly S aT^^^^ ion-exchange resin, and the non-adsorbed fraction is collected whereupon the cyclopenten- 
one^s Durif ied In another alternative, the above-mentioned heat-treated glucuronic acd ,s treated with a colur^n of 
active carbon the non adsorbed fraction is removed and the column is washed and eluted with hydrophilic organic sol 
Srsuch as aqueous solution of ethanol (preferably, aqueous solution of ethanol of 40% or higher concentra^on) 
wherLSn the purmed cydopentenone is obtained. When those methods are combined, the cyclopentenone of a high 

moBOrWheMS isolated cyclopentenone is subjected to an optical resolution, (.).4,5-dihydroxy-2-cyclopenten-1 -one 
Lnd ?!)-4 5 d^h d!oxy-2.cyclopenten.1-one of the present invention can be obtained. It goes without saying that the 
cyclo^intenone Obtained by a'synthetic method can be subjected to an optical resolution by the present invention as 

mosil separation of the optically active substances can be conducted by subjecting the racemic mixture to mechan- 
cal eiolutr, referential cr'ystallLtion, resolution by crystallization as ^-f 

. , ...i,,.ion Msipo enzvmps or microorganism resolution by means of chromatography, etc. 



[0054] A statronary phase of an ar^ide type, that of a urea ,ype, that of a ligand exchange type, pciysacc-^nae 
pc?ysiccharide derivative stationary phase, protein stationary phase, polymethacrylic acd este, stat.onary phase 

■ hacp Ptc rTiav be used as a chiral Stationary phase. 
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[0055] With regard to an eiuting liquid, that of a hexane type, an alcohol type, an aqueous (buffer) type, etc. may be 
suitably used taking the combination with the above-mentioned stationary phase into consideration. 
[0056] The method for the manufacture of the cyclopentenone used in the present invention may be any method. 
Thus, the cyclopentenone may be manufactured by the method disclosed in the present invention or by a chemical syn- 
thetic method [Carbohydrate Research, volume 247, pages 217-222 (1993); Helvetica Chimica Acta, volume 55, pages 
2838-2844 (1972)] and trans- and cis- compounds of the cyclopentenone are used in the present invention. Needless 
to say, optically active substances of the cyclopentenone obtained by the chemical synthetic method are covered by the 
optically active substance of the present invention. Further, the cyclopentenone which is produced in the heat-treated 
substance of at least one selected from uronic acid, uronic acid derivative(s). a saccharide compound containing uronic 
acid and/or uronic acid derivative(s) and a substance which contains a saccharide compound containing uronic acid 
and/or uronic acid derivative(s) as well as purified product and optically active substance thereof may be used as well. 
[0057] The cyclopentenone and its optically active substance show a cell growth suppressing action and anticancer 
action to cancer cells such as human promyelocyttc leukemia cells HL-60, human acute lymphoblastic leukemia cells 
MOLT-3, pulmonary cancer cells A-549, SV40-transformed pulmonary cancer cells WI-38VA13, hepatoma cells Hep 
G2, colic cancer cells HCT 1 1 6, human colic cancer cells SW 480, human colic cancer cells WiDr, stomach cancer cells 
AGS and myeloma cells. Thus, the cyclopentenone and its optically active substance can be used as effective compo- 
nents of anticancer agent, They have an apoptosis-inducing action to those cancer cells too. Mechanism of the action 
for inhibiting the cancer cell growth of the cyclopentenone of the present invention and its optically active substance 
does not limit the scope of the present invention at all and, for example, an apoptosis inducing action to cancer cells is 
covered by the present invention. 

[0058] When the cyclopentenone and/or its optically active substance having anticancer action are/is used as effec- 
tive ingredient and made into a pharmaceutical preparation by compounding with known pharmaceutical carriers, it is 
now possible to prepare an anticancer agent. Generally, the cyclopentenone and/or its optically active substance are/is 
compounded with a pharmaceutically acceptable liquid or solid carrier and, if necessary, solvent, dispersing agent, 
emulsifier, buffer, stabilizer, filler, binder, disintegrating agent, lubricant, etc. are added thereto to give an anticancer 
agent which may be in solid such as tablets, granules, diluted powders, powders, capsules, etc. or in liquid such as solu- 
tions, suspensions, emulsions, etc. Further, this may be in a dry preparation which can be made into liquid by adding 
an appropriate carrier before use. 

[0059] The pharmaceutical carrier may be selected depending upon the above-mentioned mode of the administration 
and form of the preparation. In the case of oral preparations, starch, lactose, sugar, mannitol, carboxymethylcellulose, 
corn starch, inorganic salts, etc. may be used. In the manufacture of oral preparations, binders, disintegrating agents, 
surface-active agents, lubricants, fluidity promoters, taste-correctives, coloring agents, flavors, etc. may be further com- 
pounded therewith. 

[0060] On the other hand, in the case of parenteral preparations, they may be prepared by common methods where 
the cyclopentenone and/or its optically active substance which are/is effective ingredient(s) of the present invention 
are/is dissolved or suspended in a diluent such as distilled water for injection, physiological saline solution, aqueous 
solution of glucose, vegetable oil for injection, sesame oil. peanut oil, soybean oil, corn oil, propylene glycol, polyethyl- 
ene glycol, etc. followed, if necessary, by adding bactericides, stabilizers, isotonic agents, analgesics, etc. thereto. 
[0061 ] The anticancer agent of the present invention is administered by an appropriate route depending upon the form 
of the preparation. There is no particular limitation for the method of administration as well and it may be administered 
by oral use, external use and injection. Injection is administered, for example, intravenously, intramuscularly, subcuta- 
neously. intracutaneously, etc. while preparations for external use include suppositories, etc. 

[0062] Dose as an anticancer agent is appropriately decided by its form of preparation, method of administration, pur- 
pose of use and age, body weight and symptom of the patient to be treated with and it is not constant but, usually, the 
amount of the cyclopentenone and/or its optically active substance contained in the preparation is from 0.1 ^g to 200 
mg/kg per day (for adults). Of course, the dose may vary depending upon various conditions and, therefore, the dose 
less than above may be sufficient in some cases while, in other cases, the dose more than above may be necessary. 
The pharmaceutical agent of the present invention can be directly administered orally and, in addition, it can be added 
to any food and beverage so that the agent can be taken on a routine basis, 

[0063] The cyclopentenone and/or its optically active substance have/has an anticancer action and, at low concen- 
trations, they/it show(s) an ability of inducing the differentiation of cancer cells whereby they/it are/is useful as a differ- 
entiation inducer (a decancerizing agent) for cancer cells. An inducer for cancer cell differentiation containing the 
cyclopentenone and/or its optically active substance as an effective ingredient can be made into pharmaceutical prep- 
arations in accordance with the above-mentioned method for anticancer agents and can be administered by the method 
similar to that for anticancer agents. 

[0064] Dose as an inducer for cancer cell differentiation is appropriately decided by its form of preparation, method of 
administration, purpose of use and age, body weight and symptom of the patient to be treated with and it is not constant 
but. usually, the amount of the cyclopentenone and/or its optically active substance contained in the preparation is from 
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0 1 ug to 1 00 mg/kg per day (for adults). Of course, the dose may vary depending upon various conditions and, there- 
to e he dose less than ab^ve r.ay be sufficient in some cases while, in other cases, the dose ^^^^^-^^ 
be necessary The pharrriaceutical agent of the present invention can be directly adm.nistered orally and, ,n addition, .t 
can be added to any food and beverage so that the agent can be taken on a routine basis. 

[00651 The inducer for cancer cell differentiation of the present invention can be used in a method for '"df '°n of can^ 
cer cell differentiation Thus, when the cyclopentenone and/or its optically active substance are/is used as an effective 
Ingredient it ts po^^^^^ to differentiate the cancer cells and such a method is useful for elucidation of mechanism for 
induction of cancer cell differentiation, for screening of the differentiation inducers, etc. -,_de 
[0066] When the cyclopentenone and/or its optically active substance are/is used as effective ingredient and made 
nto a pharmaceutical preparation by compounding with known pharmaceutical carriers. 'V^"^ ^J^f '"^^^^^^^^^^ 
antibacterial agent of the present Invention. Generally, the cyclopentenone and/or its optically active substance arefe 
c^nded w^h a pharmaceutically acceptable liquid or solid carrier and, if necessary, solvent, disper^g agent. 
emuS;er, buffer, stabilizer, filler, binder, disintegrating agent, lubricant, etc. are added thereto t° =° J P^^^^^^^^^^ 
tion such as tablets, granules, diluted powders, powders, capsules, etc. or a liquid preparation such «s s°'^"°"f^ 
pensions, emulsions etc. Further, this may be in a dry preparation which can be made into liquid by adding an 

T^^'pSma'cScarcarrier may be selected depending upon the above-mentioned --^e d m^^^^^^ 
Lnd firm of L preparation, In the case of oral P-parations, s,-^^^ 

rorn starch inoraanic salts, etc. may oe usea. in ine mciiiuiciv.iuic w. ^^^^ k--, , ^ Tl. ' « 

surfa^ac^vra^^^^^^ lubricants, f luWity promoters, taste-correctives, coloring agents, flavors, etc. may be further com- 

STsr SnJr other hand, in the case of parenteral preparations, they may be P-P-.^^^^™" ^^^^^^^^^^^ 
he cyclopentenone and/or its optically active substance which are/is effective ingredienl(s) of the present invention 
are/S^Slved or suspended in a diluent such as distilled water for Injection, physiological saline -o ption, aqueous 
solution of glucose, vegetable oil for injection, sesame oil, peanut oil. soybean oil. corn oil. propylene polyethyl- 
ene glycol, etc. followed, if necessary, by adding bactericides, stabilizers, isotonic '^f ' 
[0069] The antibacterial agent of the present invention is administered by an appropriate route depending upon the 
form of the preparation. There is no particular limitation for the method of administration as well and it may be adrnmis- 
ter^l by oral uTe. external use and injection. Injection is administered, for example, intravenously, intramuscularly, sub- 
cutaneouslv intracutaneously, etc. while preparations for external use include suppositories, etc. 
JoSr D-e"antibam^^ agent is appropriately decided by Its form of pr^aration, -Jthcxf of ad^^ 
purpose of use and age. body weight and symptom of the patient to be treated with and it is ^^""^ f ^^^^^ 
the amount of the cyclopentenone and/or its optically active substance contained in ^^^^ P;^Pf f^^" .^^ J '° 
mo/ka per day (for adults) Of course, the dose may vary depending upon various conditions and, therefore, the dose 
35 San aboU may be ufficient in some cases while, in other cases, the dose more than above may be necessary^ 
The nharr^aceutical agent of the present invention can be directly administered orally and. in addition, it can be added 
L anTfood an^^^^^^^^ that the agent can be taken on a routine basis. In addition, a substance that contains the 
cyclop nSnone and/or?ts optically active substance may be used as materials for J°^^^^^^^^^^ 
ther. it may be used together with ethanol, glycine, sodium acetate, ascorbic acid, glycerol fatty acid esters, salt, EDTA 

" ^''^^^S'^ Of the present invention containing the cyclopentenone and/or its optically active sub- 
stance as effective ingredient may be used as an antiseptic agent for improving the preseivability of food or beveraga 
Taddit^n the cyclopentenone and/or its optically active substance are^is added to food or beverage whereby theyM 
mav be used in a method for making food or beverage antiseptic. 

So72] form of the antibacterial agent containing the cyclopentenone an/or its optically active substance when 

s added to food or beverage may be any of liquid, paste, powder, flakes, granules, etc. When an easy opeiaUon on^^ 
use by mixing with other additives are taken into consideration, it is preferred to make the agent P°-^ery flaky or g^^^^^ 
ular by drying. With regard to the method for drying, commonly-used one such as spray drying, drum drying, shelf dry- 

ina vacuum drvina freeze drying, etc. may be used. 

0073] Amount of the cyclopentenone and/or its optically active substance fo be added fo food or beverage may vary 
dependina upon the type of the food or beverage and the amount meeting with the object may be added. 
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wh^eby?he Cyclopentenone a^d/OMls oplically active substance are/is made to contain m food or beverage Aitnougn 
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,s dipoed in a so'ut.on containing the cyclopentenone and/or its optically active substance may be used as well. It is also 
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possible to conduct a method of adding it to the food together with a method of dipping the food in the solution. Exam- 
ples of the food which is suitable for a dipping method are the food which does not lose its shape even in water such as 
fish or livestock meat paste (e.g., kamaboko [boiled fish paste] and Vienna sausage), noodles (e.g., boiled noodle) and 
frozen product of fish, shellfish and shrimp before freezing. 

[0075] When the antibacterial agent of the present invention is used as an antiseptic agent, preservability of food or 
beverage can be further improved. In the case of frozen food and frozen dessert, growth of contaminated microorgan- 
isms in the processing step before freezing can be suppressed whereby a very favorable result in terms of hygiene can 
be obtained. The antibacterial agent of the present invention is effective to both gram-positive and gram-negative bac- 
teria and is very effective, for example, to drug-resistant bacteria such as methicillin-resistant Staphylococcus aureus 
and bacteria which cause food poisoning such as Salmonella, enterotoxin-producing Staphylococcus aureus, Bacillus 
cereus of a vomiting type, Bacillus cereus of a diarrhea type and enterorrhagial Escherichia coli 0-157. It is also effec- 
tive to hiochi bacteria. Further, it shows antibacterial action to microorganisms causing diseases which are caused by 
microorganisms such as Legionella pneumophila (a microorganism causing legionnaire's disease), Vibrio parahaemo- 
lyticus (a microorganism causing food poisoning), Helicobacter pylori (a microorganism causing ulcer), Campylobacter 
jejuni (a microorganism causing enterogastrisis). etc. including Legionella pneumophila (ATCC 33153). Vibrio para- 
haemolyticus (ATCC 17802). Helicobacter pylori (NCTC11637), Campylobacter jejuni (ATCC29428). etc. It is also 
effective to microorganisms such as yeast and fungi. The antiseptic agent containing the cyclopentenone and/or its opti- 
cally active substance derived from natural food is particularly highly useful as a natural preventive agent for food poi- 
soning and as a sterilizing agent. Incidentally, sterilization of clothing, bed sheet, etc. can be conducted using the 
antibacterial agent of the present invention and. when the antibacterial agent of the present invention is sprinkled or 
when wiping-off with the antibacterial agent of the present invention is conducted, it is possible to sterilize (both to 
remove and to kill the bacteria) the object to be sterilized. For example, when it is added to water for air-conditioning of 
office buildings, legionnaire's disease can be prevented. 

[0076] The antibacterial agent of the present invention shows an antibacterial activity to bacteria for dental caries arxJ 
those for periodontal disease and an intraoral preparations containing the antibacterial agent of the present invention 
can be offered. The form of the intraoral preparation may be a known one such as liquid or paste. An example of the 
intraoral preparation is a dentifrice. The dentifrice may be in a known form such as liquid, paste or powder. There is no 
particular limitation for the amount of the cyclopentenone and/or its optically active substance in the dentifrice and, if an 
effective concentration to the bacteria for dental caries and for periodontal disease is contained therein, that vJill be 
enough. Known additives such as moisturizing agents, surface-active agents, binders, perfumes, sweetening agents, 
etc. may be added to the dentifrice. With regard to the effective ingredient of the dentifrice of the present invention, the 
cyclopentenone-containing substances such as heat-treated vegetables, fruits, etc. may be used as well and an 
intraoral preparation containing such a heat-treated product which contains the cyclopentenone such as dentifrice may 
be included in the coverage of the present invention as well. 

[0077] It is possible to offer antibacterial cosmetics using the antibacterial agent of the present invention. Examples 
of the cosmetics of the present invention are in the forms of basic cosmetics such as cream, milky lotion, lotion, face- 
washing material and pack; make-up cosmetics such as lipstick and foundation; body soap; and soap containing an 
effective amount of the cyclopentenone and/or its optically active substance. This is useful to hair as well and can be 
made into the hair care products including hair products such as hair tonic, hair liquid, hair set lotion, hair blowing prep- 
aration, hair cream and hair coat; and hair toiletry products such as shampoo, rinse and hair treatment. Usually, its 
amount in the cosmetics is about 10"^ to 10 parts (by weight, hereinafter this is used in the same meaning) or. preferably 
10- to 1 part, of the cyclopentenone and/or its optically active substance in 1 00 parts of the cosmetic preparation. With 
regard to other ingredients, those which have been commonly compounded with cosmetics may be used. The cosmetic 
product of the present invention effectively acts to microorganisms causing atopic dermatitis as well and it shows sig- 
nificant effect to improvement and prevention of atopic dermatitis. 

[0078] It is also possible to offer a bathing agent using the antibacterial agent of the present invention. The bathing 
agent of the present invention may be made into a form of powder, granules, solid, liquid, etc. containing the effective 
amount of the cyclopentenone and/or its optically active substance. The compounding amount to the bathing agent is 
usually about 10-100 parts (by weight; this is used in the same meaning as hereinafter) or, preferably 20-90 parts, of 
the cyclopentenone and/or its optically active substance in 100 parts of the bathing agent. About 5-25 grams of the 
bathing agent prepared as such is usually added to 200 liters of hot water. With regard to other ingredients for the bath- 
ing agent, those which have been commonly compounded therewith may be used. The bathing agent of the present 
invention effectively acts to microorganisms causing atopic dermatitis as well and it shows significant effect to improve- 
ment and prevention of atopic dermatitis. It is effective to exterminate the causing microorganism from the bathroom. 
[0079] As such, the present invention offers an antibacterial agent which is useful as pharmaceuticals, cosmetics and 
bathing agent. Further, food or beverage containing the cyclopentenone, etc. is very useful for improvement and/or pre- 
vention of food poisoning, enterogastrisis. etc. 

[0080] The apoptosis inducer of the present invention contains the apoptosis-inducing cyclopentenone and/or its opti- 
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cally active substance as effective ingredient(s). It can be made into pharmaceutical preparations by the same manner 
as in the above-mentioned case of anticancer agents and is administered by the means the same as in the anticancer 
agents. 

[0081] The dose as the apoptosis inducers is not particularly specified but may be appropriately determined depend- 
ing upon the dosage form, administration method, purpose of the use and the age, body weight, conditions, etc. of the 
patient to whom the inducer is administered. Usually, however, the amount of the cyclopentenone and/or its optically 
active substance contained in the preparation for an adult is 0.1 ^g-lOO mg/kg per day. As a matter of course, the dose 
may vary depending upon various factors and, therefore, the dose less than the above-mentioned one may be sufficient 
in some cases while, in other cases, the dose more than the above may be necessary. The agent of the present inven- 
tion may be administered orally as It is and, further, the agent may be taken daily after adding to common food and/or 

[0082] Unlike necrosis which is a pathogenic death of cells, apoptosis is believed to be a death which is initially inte- 
grated in the gene of the cell itself. Thus, the gene which programs the apoptosis is activated by certain externa or in er- 
nal causes whereby programmed death gene protein Is biosynthesized based upon said gene and then the cell itself is 
decomposed and dead by the resulting programmed death protein. u . • 

[0083] The apoptosis inducer of the present invention is quite useful since it is capable of expressing such apoptosis 
in desired tissues and cells and able to exclude the unnecessary or the pathogenic cells from living organisms in a nat- 

tnnaAy Tho anr^ntnek inriucer of the oresent invention can be used in a method for the induction of apoptosis. Thus, 
when the cyclopentenone and/or Its optically active substance are/is used as effective ingredient(s), it is possioie to 
induce apoptosis and said method Is useful, for example, for elucidation of a mechanism for apoptosis induction and for 
screening of apoptosis inducers and apoptosis induction inhibitors. 

[00851 There is no particular limitation for the antibacterial food or beverage of the present invention and its examples 
are processed agricultural and forest products, processed livestock products, processed fishery products, etc. such as 
processed cereals (for example, processed wheat flour, processed starch, processed premix. noodles macaroni, 
bread bean paste, soba [buckwheat noodles], fu [wheat-gluten bread], biifun [Chinese noodles made of rice flour], 
harusame [sticks of bean jelly] and packed rice cake), processed fat/oil (for example, plastic fat/oil, oil for deep frying^ 
salad oil. mayonnaise and dressing), processed soybeans (for example, tofu [soybean curd], miso [soybean paste] and 
natto [fermented soybeans]), processed meat products (for example, ham, bacon, pressed ham and sausage) fishery 
products (frozen fish paste, kamaboko [boiled fish paste], chikuwa [a kind of fish paste product], hampen [cake of 
pounded fish], satsuma-age [fried fish balls], tsumire [steamed fish balls], suji [boiled raw fish paste], f.sh meat ham, 
sausage dried bonito, processed fish egg products, canned fishery products and tsukudani [food boiled down in soy 
sauce]) milk product (for example, crude milk, cream, yoghurt, butter, cheese, condensed milk, powdery milk and ice 
cream).' processed vegetable and fruit products (for example, pastes, jams, picWes, fruit beverages vegetable bever- 
ages and mixed beverages), confectioneries (for example, chocolate, biscuit, bun, cake, mochigash. [rice ball cake and 
rice crackers), alcoholic beverages (for example, sake [Japanese rice wine], Chinese wines, wine, whisky, shochu [Jap- 
anese distilled liquor], vodka, brandy, gin, ram, beer, refreshing alcoholic drinks, fruit wine and liquors), table luxuries 
(for example, green tea. tea, oolong tea, coffee, refreshment beverage and lactic acid beverage), seasoning ^or exam- 
ple soy sauce Wooster sauce, vinegar and mirin (sweetened Japanese rice wine), canned, bottled or bagged food (for 
example boiled rice assorted with seasoned beef, kamameshi [boiled rice placed in a small kettle], sekihan [festive red 
rice] curried rice and other already-cooked food products), semi-dried or concentrated food (for example liver paste 
and other spreads, soup for soba and udon [both being typical Japanese noodles] and concentrated soup), dried food 
(for examples instant noodles, instant curry, instant coffee, powdery juice, powdery soup, instant soy paste soup, retort 
food retort beverage and retort soup), frozen food (for example, frozen sukiyaki, chawanmushi [pot-steamed hotch- 
potch] kabayaki [grilled eel], hamburg steak, Chinese shao-mai, gyoza [fried dumpling stuffed with minced pork], vari- 
ous sticks and fruit cocktails), solid food products, liquid food products (for example, soup) and spices 
[0086] There is no particular limitation for the method of manufacturing the food and beverage of the present invenhon 
but cooking processing and commonly-used manufacturing methods for food and beverage may be applied provided 
that the cyclopentenone and/or its optically active substance are/is contained in the resulting food or beverage 
[0087] Cooking and processing are to be conducted in such a manner that the cyclopentenone and/or its optically 
active substance are/is contained in the heat-treated product of a material selected from (a) uronic acid or uronic acid 
. -. - ' ,-^.,4,q,r,:,..T ,;,^.-ir nnii anri'or ironic acid derivative(s^ and (c) a substance 



ic a SLiLstance wnich coniams a saccnance ccr-pc.nc; ccniai;: -^y ^.'^'^'^ «..^>:^m.c„ = . - . 

tains cyclopentenone and/oi its optically active substance may be added oi, alte. natively, cooked..piocessed p-oduct oi 
a material thereof is added to the heat-treated pioduct of a malenal selected ficm (a) Lnonic acd or urcmc acid denva- 



1 1 



EP 0 941 981 A1 



tive(s), (b) a saccharide compound containing uronic acid and/or uronic acid derivative(s) and (c) a substance which 
contains a saccharide compound containing uronic acid and/or uronic acid derivative (s) that contains cycfopentenone 
and/or its optically active substance whereby the cyclopentenone and/or its optically active substance in said heated- 
treated substance can be diluted. 

[0089] Then, in the manufacture of food or beverage, a heating treatment may be conducted during any of the steps 
whereby the cyclopentenone and/or its optically active substance may be made to contain in the heat-treated substance 
or, alternatively, a heat-treated substance which contains the cyclopentenone and/or its optically active substance may 
be added thereto. It is also possible that food, beverage or a material thereof is added to a heat-treated substance con- 
taining the cyclopentenone and/or its optically active substance so that the cyclopentenone and/or its optically active 
substance m said heat-treated substance may be diluted. Addition may be conducted either at one time or dividedly in 
several times. Thus, food or beverage showing novel physiological action can be manufactured easily and conveniently 
Incidentally, food or beverage containing the cyclopentenone and/or its optically active substance in the heat-treated 
substance produced during the manufacture as constituting components after adding (a) uronic acid or uronic acid 
derivative (s), (b) a saccharide compound containing uronic acid and/or uronic acid derivative(s) and (c) a substance 
which contains a saccharide compound containing uronic acid and/or uronic acid derivative(s) during the manufacture 
IS also covered by the present invention. In case where any of the steps is applied, food or beverage wherein the 
cyclopentenone and/or its optically active substance is contained, added and/or diluted is defined as the food or bever- 
age of the present invention. 

[0090] There is no particular limitation for the content of the cyclopentenone and/or its optically active substance hav- 
ing physiological action contained in the food but the content may be appropriately selected in view of organoleptic 
property and physiological activity such as anticancer and antibacterial actions. However, for example the content of 
the cyclopentenone and/or its optically active substance in 1 00 parts of food is 5 x 1 0'^ part or more and in view of orga- 
noleptic property and physiological action as food, it is preferably from 10'^ to 5 parts or. more preferably from 10*^ to 
2 parts. 

[0091 ] There is no particular limitation for the content of the cyclopentenone having a physiological action in the bev- 
erage but the content may be appropriately selected in view of organoleptic property and physiological activity such as 
anticancer and antibacterial properties. However, for example, the content of the cyclopentenone in 100 parts of bever- 
age ts 5 X 10- part or more and. in view of organoleptic property and physiological action of the beverage, it is prefer- 
ably from 10'^ to 5 parts or. more preferably, from 10"* to 2 parts. 

[0092] There is no particular limitation for the shape of the food or beverage of the present invention so far as the 
cyclopentenone and/or its optically active substance having physiological actions such as anticancer and antibacterial 
activities are/is contained therein, added thereto and/or diluted thereby. Thus, the shape includes orally takable ones 
such as tablets, granules, capsules, gel and sol. 

[0093] As mentioned hereinabove, the cyclopentenone and/or its optically active substance used in the present inven- 
tion can be manufactured in a low cost and. due to various physiological functions thereof, they/it can be used as addi- 
tive(s) to food or beverage whereby it is now possible to easily give various physiological functions, antibacterial activity, 
apoptosis-tnducing action, anticancer action, etc. to food and beverage. Thus, the cyclopentenone and/or its optically 
active substance of the present invention are/is quite useful as additive{s) to food or beverage. 

[0094] The cyclopentenone and/or its optically active substance used in the present invention may be manufactured 
by any method. Thus, they/it may be manufactured by a method disclosed in the present invention or by a chemical syn- 
thetic method. Thus, all of food, beverage, antibacterial agents, anticancer agents, inducers for cancer cell differentia- 
tion and apoptosis inducers containing the cyclopentenone and/or its optically active substance are covered by the 
present invention. Further, all methods for inducing the cancer cell differentiation and for inducing apoptosis using the 
cyclopentenone arxJ/or its optically active substance as effective ingredient(s) are covered by the present invention as 
well. 

[0095] The cyclopentenone and/or its optically active substance do(es) not show toxicity to mice by oral administration 
of 100 mg/kg. 

[0096] As fully mentioned hereinabove, the cyclopentenone and/or its optically active substance can be manufactured 
easily in a low cost and, due to various physiological functions thereof, they/it are/is quite useful compound(s) in broad 
areas including pharmaceuticals and food. 

EXAMPLES 

[0097] The present invention will now be further illustrated by way of the following examples which however do not 
limit the scope of the present invention thereto. Incidentally, the terms % and "part(s)" used in the examples are those 
by weight unless othenwise mentioned. 
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Example 1. 



[0098] 



(1) Commercially available pectin made Irom apple was dissolved in v^ater to make its concentration 1% and the 
solution was placed in an egg-plant flask equipped with a reflux condenser and heated on an oil bath kept at 1 10- 
120°C for 18 42 and 66 hours. Temperature of the pectin solution during heating was 100-102°C. 

The pectin solution was centrifuged to remove the precipitate and the supernatant liquid was diluted 3- and 10- 
fold with water to prepare samples. Then the heat-treated product was adjusted to pH 7.0 with NaOH and its cell 
growth inhibiting action to human promyelogenous leukemia cells (HL-60 cells) (ATCC CCL-240) was measured by 
an MTT method which will be mentioned below. 

Thus 10 nl of the diluted sample and 100 pi of RPMI 1640 medium (manufactured by Nissui) containing 5000 
HL-60 ceils incubated at 37'C in an RPMI 1640 medium containing 10% of fetal calf serum (manufactured by 
Gibco) treated at 56°C for 30 minutes were added to wells of a 96-well microliter plate, incubated in the presence 
of 5% of carbon dioxide gas at 37°C for 48 hours, 10 ^1 of phosphate buffered saline containing 5 mg/ml of 3-(4,5- 
dimethylthlazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; manufactured by Sigma) was added, the mixture was 
incubated for additional four hours and the growth state of the cells was observed under microscope. Incidentally. 
100 nl of 2-propanol containing 0,04N HCI was added, the mixture was well stirred and the absorbance at 590 nm 
was measured and used as a degree of cell growth. ^ 

As a result no viable cell was noted in a fraction to which 3-fold diluted solution of pectin heated for 18 hours 
and In fractions to which 3- and 10-fold diluted solution of pectin heated for 42 and 66 hours and, m such diluted 
concentrations, pectin which was heated at 1 00°C showed an Inhibiting activity to cell growth. 

On the other hand, in the fraction to which 10-fold diluted solution of pectin heated for 18 hours, nearly all cells 
were living though as corrpared with the water-added fraction used as a control, the absorbance at 590 nm was 



low. 



(2) Methanol (200 ^1) was added to 200 nl of pectin heated at 100°C for 1 8-66 hours followed by mixing, the mixture 
was centrifuged and 200 nl of the supernatant liquid was concentrated to dryness ip vawQ . This was dissolved in 
10 nl of 50% aqueous solution of methanol. 1 nl of it was spotted on a silicagel 60 sheet F254 (manufactured by 
Merck) and was developed with a developing solvent (the upper layer of a 3:1 :1 mixture of butyl acetate acetic acid 
and distilled water). The thin-layer silica gel after the development was dried, sprayed with a solution of AgNOa-NHg 
(an equivolume mixture of 0.1 M AgNOg and 5N NH3) and heated to detect a spot. The result was that a spot near 
Rf = about 0 3 appeared in pectin heated for 18 hours, that an increase was noted in pectin heated for 42 hours as 
compared with pectin heated for 18 hours and that, in pectin heated for 66 hours, the amount was nearly same as 
in pectin heated for 42 hours. 

(3) Methanol (1 ml) was added to 1 ml of pectin heated at 100°C for 66 hours mentioned in Example 1(1) followed 
by mixing and centrifuging to give a supernatant liquid. This was concentrated to dryness in vacuo and the residue 
was suspended in 100 ^1 of methanol. This suspension was centrifuged to remove insoluble matters, the superna- 
tant liquid was spotted onto a silica gel 60 sheet F254 and a development was conducted using a solvent mentioned 
in Example 1(2) A part of the thin layer was cut off and colored by a method of Example 1(2) to confirm the appear- 
ance of a spot at around Rf = about 0 3 and the silica gel part corresponding to this Rf value was scraped up from 
the uncolored thin layer. 

The scraped silica gel was extracted with each 1 ml of methanol for three times and the extract was concen- 
trated to dryness in vacuo to isolate a spot of Rf value of about 0.3. This dried substance was dissolved in 250 kI 
of water the solution was 10-fold diluted further and 10 jil of the diluted solution was used as a sample for meas- 
uring the cell grov^h inhibiting activity to HL-60 cells by an MTT method mentioned in Example 1(1). 

The result was that in the wells to which water was added, most of the cells grew while, in the wells to which 
this diluted solution was added, no viable cell was noted Thus, the inhibiting action of this scraped fraction to can- 
cer cell growth was confirmed. 



F.AB-MS rrVz nS [M + H]^ 
Glycerol was used as a matnx 
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^H-NMR (CDCI3): 5 4.20 (1H, d, J 2.4 Hz. 5-H), 4.83 (1H,m, 4-H), 6.30 (1H dd J = 1 2 6 1 Hz 2-H) 7 48 
(1H, dd. J = 2.1, 6.1 Hz, 3-H). ' ' ^' • 

Incidentally, the chemical shift value of the ^H-NMR was given in such a manner that the chemical shift value 
of CHCI3 was 7.26 ppm. 

Those values coincided with the data for trans-4.5-dihydroxy-2-cyclopenten-1 -one reported by T. Ahmad et al 
in Carbohydrate Research, volume 247, pages 217-222 (1993). 

Fig. 1 shows the mass spectrum in which the ordinate is a relative intensity (%) while the abscissa is m/z val- 
ues. 

Fig. 2 shows the ^H^NMR spectrum in which the ordinate is a signal intensity while the abscissa is a chemical 
shift value (ppm). 



Example 2. 
15 [0099] 



55 



(1) Alginic acid (non-swelling; manufactured by Wako Pure Chemicals) (25 g) was suspended in 475 ml of water 
heated at 12rC for two hours and centrifuged. the resulting supernatant liquid was filtered through a membrane 
filter of 0.22 ^m and the filtrate was concentrated in vacuo until it became 20 ml. This was mixed with 180 ml of 
ethanol. allowed to stand at - 20°C for one hour and centrifuged to give a supernatant fluid. The supernatant liquid 
was concentrated m vacuo to 20 ml. 180 ml of acetonitrile was added, the mixture was centrifuged. the resulting 
supernatant was concentrated invacuQ to 20 ml,the concentrate was again centrifuged after adding 1 80 ml of ace- 
tonitrile and the supernatant liquid was concentrated to 15 ml in vacuo. The concentrated solution (4 ml) was con- 
centrated in vacuo to about 400 ^1 and stirred with an equivolume upper layer of a 3:2:2 mixture of butyl acetate 
acetic acid and water and centrifugal supernatant liquid was collected. This was repeated to give 8 ml of extract 

The extract (4 ml) was applied to silica gel (BW-300SP; 2 x 28 cm; manufactured by Fuji Silycia) for a column 
chromatography and separated using an upper layer of a 3:2:2 mixture of butyl acetate, acetic acid and water as 
an eluate at the flow rate of about 5 ml/minute with a pressure of 0.18 kg/cm^ using a compressor. Fractionation 
was conducted to make a volume of one fraction 6-7 ml and a part of each fraction was analyzed by a thin layer 
chromatography whereupon cyclopentenone of a high purity was contained in 31st to 35th fractions to afford 35 ma 
of cyclopentenone. 

The fraction was separated by means of a normal phase HPLC using a PALPACK type S column and, when a 
detection was conducted by an ultraviolet absorption of 215 nm, the purity was found to be 95.8%. 

(2) The cyclopentenone prepared in Example 2-(1) was used for preparing aqueous solutions of the cyclopenten- 
one in the concentrations of 2.86 mM. 955 pM, 318 ^M. 106 ^IM. 35 ^M. 12 ^iM and 0.18 ^M. Then said heat- 
treated substance was adjusted to pH 7.0 with NaOH and the apoptosis-inducing activity to HL-60 cells was meas- 
ured as follows. 

HL-60 cells which were incubated at 37°C in an RPMI 1640 medium containing 10% of fetal bovine serum 
treated at 56°C for 30 minutes were suspended in an RPMI 1640 medium containing 10% of fetal bovine serum to 
make the concentration 5.8 x 10"* celis/1 .35 ml. 

To 1 .35 ml of this suspension was added 0. 1 5 ml of the above-mentioned cyclopentenone solution and the mix- 
ture was incubated at 37°C for 20 hours in the presence of 5% of carbon dioxide gas. 

As a result, it was noted that, in the fractions (final concentration: 10.6 mM) to which 106 or higher of 
cyclopentenone was added after 20 hours from the incubation, viable cell numbers and cell viability decreased and 
that, in the fraction (final concentration: 3.5 ^M) to which 35 of cyclopentenone was added, molecular weight of 
DNA became small and shape of the cells was changed (i.e. condensation of the nuclei, shrinkage of the cell and 
production of apoptic body) as a result of induction of apoptosis. 

The results are shown in Fig. 3. Thus Fig. 3 shows the relation between the incubation time and viable cell 
number when cyclopentenone of various concentrations is added to the culture of HL-60 cells wherein the abscissa 
IS an incubation time (hours) while the ordinate shows a viable cell number (x lO'^/l .5 ml) in the culture. 

In Fig. 3. an open square is a fraction to which no sample was added (control); an open rhomb is a fraction to 
which 2.86 mM cyclopentenone was added; an open circle is a fraction to which 955 cyclopentenone was 
added; an open triangle is a fraction to which 318 ^M cyclopentenone was added; a black square is a fraction to 
which 106 pM cyclopentenone was added; a black rhomb is a fraction to which 35 ^iM cyclopentenone was added- 
and a black circle is a fraction to which 12 |iM cyclopentenone was added. 
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Example 3. 
[0100] 

(1) D-Glucurotc acid (G 5269; manufactured by Sigma) (10 g) was dissolved in 1 liter of water, healed at 12rC for 
four hours and concentrated in vacuo until about 10ml. This was mixed with 40 ml of an upper layer of a 3:2:2 mix- 
ture of butyl acetate, acetic acid and water and centrifuged and the resulting supernatant liquid was concentrated 
in vacuo until about 10 ml. 

The above extract was applied to silica gel (BW-300SP; 2 x 28 cm; manufactured by Fuji Silycia) for a column 
chromatography and separated using an upper layer of a 3:2:2 mixture of butyl acetate, acetic acid and water as 
an eluate at the flow rate of about 5 ml/minute with a pressure of 0.2 kg/cm^ using a compressor. Fractionation was 
conducted to make a volume of one fraction 1 0 ml and a part of each fraction was analyzed by a thin layer chroma- 
tography whereupon cyclopentenone of a high purity was contained in 61st to 80th fractions. Those fractions were 
collected, concentrated in vacuo, extracted with 40 ml of chloroform and the extract was concentrated in vaCUO to 
afford 100 mg of cyclopentenone. 

The fraction was separated by means of a normal phase HPLC using a PALPAGK type S column and, when a 
detection was conducted by an ultraviolet absorption of 215 nm, the purity was found to be 98%. 

(2) A mass spectrometric analysis of the above cyclopentenone was conducted using a mass spectrometer DX302. 
Further, a structure analysis was conducted by means of an NMR using heavy chloroform as solvent. The nuclear 
magnetic resonance apparatus used was JNM-A 500. Specific rotation was measured by a DIP-370 polarimeter 
(manufactured by Nippon Bunko); ultraviolet absorption spectrum was measured by a UV-2500 spectrophotometer 
(manufactured by Shimadzu); and infrared absorption spectrum (IR) was measured by an FTIR-8000 infrared 
spectrophotometer (manufactured by Shimadzu). Results of the mass spectrometric analysis and the NMR were 
the same as those in Example 1-(4). Others were as follows. 

Optical rotation: [a]D^° 0^ (c = 1.3, water) 

IR(KBr method): absorptions were noted at 3400, 1715, 1630, 1115, 1060, 1025 cm \ 
UV: Xmay 215 nm (water) 

Fig. 4 shows the IR spectrum wherein the abscissa is a wave number (cm"^) while the ordinate is a transmit- 
tance. 

Fig. 5 shows the UV absorption spectrum wherein the abscissa is a wave length (nm) while the ordinate is an 
absorbance. 

Example 4. 

[0101] A 1% aqueous solution of D-glucuronIc acid (G 5269; manufactured by Sigma) was heated at 12rC for four 
hours and adjusted to pH 7 with 1N NaOH. The sample (5 ml) was applied to a HiTrap Q column (5 ml; manufactured 
by Pharmacia) equilibrated with water and the column was washed with 25 ml of water. A fraction (5 ml) which was 
firstly eluted form the column was called PO fraction; the second fraction (5 ml) was called P1 fraction; the third one (10 
ml) was called P2 fraction; and the last one (10 ml) was called P3 fraction. After that, the column was eluted with 25 ml 
of 0.5M acetic acid. A fraction (5 ml) which was firstly eluted form the column was called EO fraction; the second fraction 
(5 ml) was called El fraction; the third one (5 ml) was called E2 fraction; and the last one (10 ml) was called E3 fraction. 
[0102] A part of each of the fractions was analyzed by means of a thin layer chromatography and it was found that 
the cyclopentenone was contained in the P1 fraction and was quantitatively recovered in this fraction. In the PI fraction, 
there was neither unreacted glucuronic acid nor reductic acid which was a reaction product, which were contained prior 
to the purification by a HiTrap Q column. 

Example 5. 



L.factured by Nacalai Tesque) lo make the concentration l mgmi To each of five tubes, each TOO ui ( iCO pg) o* n- 
octaccsane solution was added while, with regafd to aqueoLJS solution of cyclopentenone, each of 15 (10 ^ig), 45 
, ,1 ^':!o ,r^) CO r^n :,o^ 1 ?5 !i' (90 ug^ and 1 80 iil M 20 ug^ was added The tubes were dried in vacuo and to each 
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was added 100 ^\ of trimethylsilylation solution [a 4:1:1 mixed solution of N,0-bis(triniethylsilyl)-acetamide (manu- 
factured by Nacalai Tesque), trimethylchlorosilane (manufactured by G. L. Science) and pyridine (manufactured by 
Pierce)] to make the content completely dissolved. 

A 2% OV17 Uniport HP 60/80 mesh (manufactured by G. L. Science) was filled in a glass column of 2.1 m 
length arxj 3.2 mm diameter (manufactured by Shimadzu) and subjected to burned in a carrier gas (Ng) at a flow 
rate of 20 ml/minute for fifteen hours using a gas chromatographic apparatus GC-7AG (manufactured by Shi- 
madzu). 

Each of the above-mentioned trimethylsilylated sample (1 fjl) was applied in this gas chromatographic system, 
Analyzing conditions are as given below. 

Carrier gas: 

Flow rate: 50 ml/minute 

Temperature at the inlet: 280°C 

Initial temperature: 80°C, four minutes 

Rising rate of the temperature: 8°C/minute 

Final temperature: 270°C 

Detection: by hydrogen flame ionization detector 

The result was that a single peak of cyclopentenone was detected at the retention time of about 9.7 minutes 
while that of n-octacosane was detected at the retention time of about 26.7 minutes. Areas of the peaks obtained 
at that time are as given below. 



Amount of Cyclopenten- 
one 


Peak Area of Cyclopen- 
tenone (a) 


Peak Area of n-Octa- 
cosane (b) 


Ratio of (a)/(b) 


10 ^g 


19,981 


285,798 


0.06991 


30 lag 


90,980 


285.398 


0.3188 


60 


174,284 


251,439 


0.6931 


90 [ig 


272,524 


256,356 


1.063 


120 ^ig 


368.573 


255.545 


1.442 



When the relation between the amount of the cyclopentenone and "[peak area (a) of cyc!opentenone]/[peak 
area (b) of n-octacosane]" obtained as such is expressed by a graph, that Is as shown in Fig. 6. Thus, Fig. 6 is a 
graph which shows a working curve of the cyclopentenone wherein the ordinate is a ratio of peak area of cyclopen- 
tenone to that of n-octacosane while the abscissa is the amount of cyclopentenone in ^g. 

Thus, the amount of cyclopentenone can be determined when 100 ^g of n-octacosane is added to a sample 
wherein the amount of cyclopentenone is unknown, dried in vacuo , trimethylsilylated and analyzed by means of a 
gas chromatography according to the above-mentioned method and the ratio (y) of "peak area of cyclopentenone" 
to "peak area of n-octacosane" is calculated. 

(2) An aqueous solution of glucuronic acid (manufactured by Nacalai Tesque) prepared in a concentration of 1% 
(by weight) was heated at 120*'C for four hours under pressure in an autoclave. This (100 (corresponding to 1 
mg of glucuronic acid) was placed in a tube. 100 ^g of n-octacosane was added thereto and the mixture was dried 
in vacuo and trimethylsilylated. This was subjected to a gas chromatographic analysis by the same method as 
given above to give a pattern as shown in Fig. 7. Thus Fig. 7 shows a gas chromatographic result of the heat-treated 
glucuronic acid wherein the ordinate is a detected strength while the abscissa is a retention time (minutes). Each 
single peak was detected for cyclopentenone at the retention time of about 10.2 minutes [peak (a)] and for n-octa- 
cosane at the retention time of about 27.8 minutes [peak (b)]. 

The results are as shown below and the rate of conversion by heating treatment of glucuronic acid to cyclopen- 
tenone was about 15% in terms of moles. 

Peak area (a) of cyclopentenone: 203,794 

Peak area (b) of n-octacosane: 305,444 
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(a)/(b): 0.6672 

Amount of cyclopentenone (^g): 88.4 
5 Example 6. 

[0104] Commercially available glucuronolactone (manufactured by Merck; code no. 100282) was dissolved in water 
to make its concentration 1% and heated at 12rC for 0.5 hour. 1 hour, 2 hours, 4 hours or 16 hours, The heat-treated 
solution was trimethylsilylated according to a method mentioned in Example 5-(1) and subjected to a gas chromato- 
10 graphic analysis. 

[0105] Results of the analysis are as follows. 



Heating Time (hours) 


Amount of Cyclopenten- 
one (iig/100 ^il) 


Converting Ratio (%; in 
moles) 


0.5 


9.28 


1.43 


1 


21.0 


3.26 


2 


52.8 


8.15 


4 


119 


18.3 


16 


132 


20.4 



25 

[0106] The result was that the converting ratio of glucuronolactone into cyclopentenone by a heating treatment in 
terms of moles was about 20%. 

[0107] Further, pure cyclopentenone was obtained from a solution of glucuronolactone heated for 16 hours by a 
method mentioned in Example 3-(1). 

30 

Example 7. 

[0108] Water (100 ml) was added to 100 g of commercially available cabbage followed by crushing with a mixer. This 
was made to react with 5 ml of proteinase K (20 mg/ml; #9033 manufactured by Takara Shuzo) at 50°C for one hour 

35 and filtered and the precipitate was washed with 1 .5 liters of water, Water (100 ml) was added to the washed precipitate 
and the resulting suspension of pH 6.5 was heated at 12rC for two hours followed by filtering to give a filtrate of pH 
4.7. The filtrate was concentrated in vacuo to 14 mt. mixed with 36 ml of methanol and centrifuged at 4000 x g for ten 
minutes and the resulting supernatant liquid was concentrated in vacuo to give 3.5 ml of a concentrated liquid. 
[0109] Amount of the cyclopentenone contained in this concentrated liquid was determined by a method mentioned 

40 in Example 5-(1) and found to be 24.9 \.iQ. When treatment with proteinase K and removal of protein by washing with 
water were not conducted after crushing by a mixer but just heated as it was, no cyclopentenone was produced. From 
this result, it is now clear that 0.87 mg of cyclopentenone was produced when 100 g of cabbage was treated with pro- 
teinase K. washed with water to remove protein and heated at the above conditions. 

[0110] After that, cyclopentenone was isolated in a pure form from this concentrated liquid by a method of Example 

45 3-(1). 

Example 8. 
[0111] 

5C 

(1) Pecttnase (8 1 iinits/mg protein; PQ932 manufactured by Sigma) was added in an amount of 1.36 units, 0.68 



silylated by a method of Example 5-(1) and the amount of the cyclopentenone m the heat-treated product was 
determined by means of a gas chromatography 
The results are given in Table 1 
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Table 1 



Amount of Pectinase 
Added (units/80mg pec- 
tin) 


Converting Ratio (% in 
terms of wt.) 




(1) 


(2) 


1.36 


4.46 


4.75 


0.68 


4.52 


4.62 


0.14 


3.39 


3.43 


0 


2.71 


2.73 



The result shows that, when pectin was hydrolyzed with pectinase and then heated, production of the 
cyclopentenone increased by 25-75% as compared with the case where only heating was conducted. 

(2) Alginic acid (non-swelling; manufactured by Wako Pure Chemicals) (1 g) was suspended or dissolved in 100 ml 
of either (1) 0.1N HCI or (2) 0.1M Na2C03. heated at 95^C for15 hours and adjusted to pH 2.7 by adding powdery 
Na2C03 to (1) or 6N HCI to (2). In the meanwhile. 1 g of alginic acid was suspended in (3) 100 ml of water (resulting 
pH: 2.7) or in (4) 100ml of 0.1M Na2C03 followed by adjusting to pH 2.7 with 6N HCI. Amount of the cyclopenten- 
one contained in the (1)-(4) heated at 121°C for four hours (hereinafter, called samples (1) to (4)) was determined 
by the following method. 

Insoluble matters contained in the samples (1)-(4) were removed by means of centrifugation and 10 |il of the 
supernatant liquid was analyzed by means of a gel filtration HPLC using a TSK gel G 2000 PW column (7.5 mm x 
30 cm; manufactured by Tosoh). Water was used as a mobile phase, flow rate and column temperature were made 
1 ml/minute and 40''C, respectively and detection was corxJucted using an absorption at 215 nm. Pure cyclopen- 
tenone mentioned in Example 3-(1) was used as a standard substance and 2-cyclopenten-1-one (manufactured by 
Aldrich) was used as an internal standard substance. 

As a result thereof . it was found that the samples (1). (2). (3) and (4) contained 414 i^g/mt. 279 ^g/ml. 289 ^g/ml 
and 296 pg/ml of cyclopentenone, respectively. Thus, as compared with the sample (3) heated at 121 °C for four 
hours, the case where heating in 0.1 N HCI at 95''C for 15 hours was conducted before heating at 121 °C for four 
hours gave 1.43-fold cyclopentenone. 

Pure cyclopentenone was prepared from each of those samples by a method mentioned in Example 3-(1). 

(3) Water (120 ml) was added to 50 g of commercially available okara (lees of bean curd) and shaken at room tem- 
perature and solid was removed by centrifugation and filtration. To 50 ml of the filtrate was added 1 N H2SO4 to 
adjust to pH 2 followed by heating at 121°C for four hours to give a sample (5). 

Acetone (300 ml) was added to 100 g of okara, stirred and filtered to give 55 g of residue. The residue (27.5 g) 
was washed with one liter of water, water was added to make 150 ml, pH was adjusted to 2 with 1 N H2SO4 and the 
mixture was heated at 121°C for four hours to give a sample (6). 

The remaining residue (27.5 g) for the acetone treatment was suspended in 200 ml of water and made to react 
with 500 111 of proteinase K (20 mg/ml; manufactured by Takara Shuzo) at 50°C for two hours. The reaction product 
was washed with one liter of water, made into 180 ml by adding water thereto, adjusted to pH 2 with 1 N H2SO4 and 
heated at 121''C for four hours to give a sample (7). 

Each of the samples (5)-(7) were filtered, the filtrate was concentrated in vacuo to 10 ml, 4-fold by volume of 
acetone was added and the mixture was centrifuged to give a supernatant fluid. The supernatant fluid was further 
concentrated in vacuo whereupon 5.5 ml, 3.8 ml and 3.0 ml of concentrated liquids were obtained from the samples 
(5), (6) and (7), respectively. Amount of the cyclopentenone contained in the concentrated liquids was determined 
by a method which will be mentioned in Example 8-(2). 

The results were that, starting from 50 g of okara, 0.54 mg, 2.79 mg and 3.98 mg of the cyclopentenone was 
obtained from the samples (5), (6) and (7), respectively, Incidentally, in any of the samples during the preparation 
of the samples (5)-(7) prior to heating at 121°C for four hours, no cyclopentenone was contained. Accordingly, as 
a result of removal of protein by treating with proteinase, production of the cyclopentenone increased by about 
40%. 

Pure cyclopentenone was prepared from each of the samples (5)-(7) by a method mentioned in Example 3-(1 ). 
Okara (50 g) was suspended in 200 ml of water, adjusted to pH 1 .5 with 6N HCI and heated at 50°C for three 
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hours. This was adjusted to pH 5.0 with NaOH and filtered to give a filtrate, The filtrate was adjusted to pH 2,05 with 
6N HCI and heated at 12rC lor four hours to give a sample (8). Amount of the cyclopentenone contained in the 
sample (8) was determined by a method mentioned in Example 8-(2). 

The result was that 5.0 mg of the cyclopentenone was produced from 50 g of okara. Incidentally, in a filtrate 
before heating at 12rC for four hours, no cyclopentenone was contained. 

(4) Commercially available apple fiber (dry powder; manufactured by Nichiro) was treated as follows. 

Apple fiber (0.5 g) was suspended in 50 ml of water, heated at 12rC for four hours and centrifuged to give 37 
ml of supernatant liquid which will be called a sample (9). 

Apple fiber (5 g) was suspended in 50 ml of water, heated at 12rC for four hours and centrifuged to give 20 
ml of supernatant liquid which will be called a sample (10). 

Apple fiber (5 g) was suspended in 50 ml of water, shaken at room temperature for two hours, centrifuged and 
the supernatant liquid was heated at ^2VC for four hours and centrifuged to give 25 ml of supernatant liquid which 
will be called a sample (11). 

The precipitate obtained by centrifugation after shaking at room temperature for two hours in the preparation 
of the sample (11) was suspended in 50 ml of water, heated at 12rC for four hours and centrifuged to give 31 ml 
of supernatant liquid which will be called a sample (12). 

Amount of the cyclopentenone contained in the samples (9)-(12) was determined by a method mentioned in 
Example S-(2). 

The result was that the samples (9). (10). (1 1) and (12) contained 14.8 ^g/ml. 76.3 ^g/ml. 54.0 ng/m! and 34.2 
^ig/ml of the cyclopentenone. respectively. The sample prior to heating at 12rC for four hours for the manufacture 
of the sample (9) contained no cyclopentenone. Accordingly. 1 g of apple fiber produced 1 .09 mg. 0.305 mg. 0.270 
mg and 0.212 mg of the cyclopentenone by a manufacturing methods for samples (9). (10). (11) and (12), respec- 
tively. ^ ■ r- I o 

Pure cyclopentenone was prepared from each of the samples (9)-(12) by a method mentioned in Example 3- 

(1)- 
Example 9. 

[0112] Commercially available leaves (2 g) of sencha (green tea of middle grade), hojicha (roasted tea), oolong tea 
or tea was crushed by a mixer with 100 ml of water, adjusted to pH 3 with 1 N sulfuric acid and heated at 12rG for 16 
hours Amount of the cyclopentenone contained in the heat-treated products was determined by means of a gel filtra- 
tion HPLC mentioned in Example 8-(2). The result was that 0.19 mM. 0.28 mM. 0.34 mM and 0.12 mM of the cyclopen- 
tenone were produced from sencha. hojicha, oolong tea and tea. respectively. Those materials were subjected to a dry 
heating treatment during the manufacturing stage and the cyclopentenone was efficiently produced. 

Example 10. 

[0113] Pectin (manufactured by Wako Pure Chemicals; code 167-00542). alginic acid (non-swelling; manufactured by 
Wako Pure Chemicals; code 011-13341). D-a-galactuionic acid (manufactured by Nacalai Tesque; code 165-18) or D- 
glucuroic acid (manufactured by Nacalai Tesque; code 1 69-28) was dissolved in distilled water to prepare a 1% solution. 
With regard to pectin, a solution dissolved in IN aqueous solution of acetic acid was prepared as well. 
[0114] pH of the 1% aqueous solution of pectin was 3.4; pH of a 1% solution of pectin in acetic acid was 2.6; pH of 
an aqueous solution of gatacturonic acid prior to heating was 2.5; pH of an aqueous solution of glucuronic acid prior to 
heating was 2.4; and pH of an aqueous solution of alginic acid prior to heating was 3.3. 

[011 5] Those 1% solutions were heated at 12rC for 2, 4 or 16 hours. Each of the heat-treated solutions was adjusted 
to pH 7 with NaOH and sterilized with a filter of 0.22 ^m to prepare a sample for determination of produced amount of 
the cyclopentenone. 

[01 1 6] The cyclopentenone was spotted on a silica gel sheet 6OF254 (manufactured by Merck) and developed with a 
developer (upper layer of a 3:1 :1 mixture of butyl acetate, acetic acid and distilled water) and the thin layer of silica gel 
after completion of the development was dried, sprayed with an AgNOg-NHg solution (a mixture of same amounts of 



a 1% aqueous solution of pectin for two hours was defined as one unit anc the amount of the cyciopentenone ptoducea 
m each of the heat-treated products was determined. The results are shown in Table 2. 

[0118] In each of the samples, production of the cyclopentenone increased as the increase in the heating time and. 
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in the heat-treated products of aqueous solution of galacturonic acid, 1 unit and 5 units of the cyclopentenone were pro- 
duced after 30 minutes and one hour, respectively while, in the heat-treated products of aqueous solution of glucuroic 
acid, 5 units and 10 units of the cyclopentenone were produced after 30 minutes and one hour, respectively. 



Table 2 



Sample to be 


Heating Time 


pH before Heat- 


pH after Heating 


pH after Adjust- 


Produced 


Heated 


(hrs) 


ing 




ment 


Cyclopentenone 
Unit 


1% Aq Soln of 


2 


3.4 


3.3 


7.0 


1 


Pectin 


4 


3.4 


3.2 


7.2 


5 




16 


3.4 


3.5 


7.0 


10 


1% Soln of Pec- 


2 


2.6 


2.7 


7.0 


1 


tin in Acetic Acid 


4 


2.6 


2.6 


7.2 


2 




16 


2.6 


2.8 


7.1 


10 


1% Aq Soln of 


2 


2.5 


2.4 


6.9 


10 


Galacturonic 
Acid 


4 


2.5 


2.4 


6.8 


25 




16 


2.5 


2.6 


6,9 


50 


1% Aq Soln of 


2 


2.4 


2.7 


6.9 


25 


Glucuronic Acid 


4 


2.4 


2.6 


7.0 


50 




16 


2.4 


2.8 


7.0 


50 


1% Aq Soln of 


2 


3.3 


2.5 


6.9 


5 


Alginic Acid 


4 


3.3 


2.7 


7.0 


5 




16 


3.3 


2.9 


7.3 


10 



Example 1 1 . 



[0119] 

(1) Commercially available glucuronolactone (manufactured by Merck; code no. 100282) was dissolved in water to 
prepare a 1% solution and it was heated at 121 °C for 0.5 hour, 1 hour. 2 hours, 4 hours or 16 hours. The heat- 
treated solutions were trimethylsilylated by a method of Example 5-(1) and the amount of the resulting cyclopen- 
tenone was analyzed by means of a gas chromatography. 
Results of the measurement are given in Table 3. 



Table 3 



Heating Time (hours) 


Amount of the Cyciopen- 
tenone(Mg/100 ^1) 


Converting Rate (%) 
(calculated as moles) 


0.5 


9.28 


1.43 


1 


21.0 


3.26 


2 


52.8 


8.15 


4 


119 


18.3 


16 


132 


20.4 



The result was that the converting rate of glucuronolactone to the cyclopentenone by heating for 16 hours was 
about 20% when calculated as moles. 

The cyclopentenone was purified/isolated from the above solution prepared by heating glucuronolactone for 16 
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hours by a method mentioned in Example 3-(1). 

(2) The above glucuronolactone was dissolved in water to prepare a solution of 1%. 2%. 5%, 10% or 20% followed 
by heating at 12rC for four hours. This heat-treated solution was trimethylsilylated by the method mentioned in 
Example 5-{1) and the amount of the resulting cyclopentenone was determined by means of gas chromatography. 
The results are shown in Table 4. 



Table 4 



Concn of Glucuronolac- 
tone(%) 


Amount of the Cyclopen- 
tenone(|ig/100 ^il) 


Converting Rate (%) 
(calculated as moles) 


0.1 


15.1 


23.2 


1 


99.2 


15.3 


3 


229 


11.8 


5 


365 


11.3 


10 


455 


7.03 


20 


59? 


4.58 






— 1 



The result was that when a 0.1% aqueous solution of glucuronolactone was used, the converting rate of glu- 
curonolactone upon heating to the cyclopentenone was about 23% when calculated as moles. 
(3) The pH of the above 1% aqueous solution of glucuronolactone was adjusted to pH 1 , 2, 3 or 4.5 by HCI or NaUH 
followed by heating at 121°C for four hours. The heat-treated solution was trimethylsilylated by the method men- 
tioned in Example 5-(1) and the amount of the resulting cyclopentenone was determined by means of gas chroma- 
tography. The results are shown in Table 5. 



Table 5 



pH 


count of the Cyclopen- 
tenone(|ig/100 


Converting Rate (%) 
(calculated as moles) 


1 


7.85 


1.21 


2 


15.9 


2.46 


3 


108 


16.7 


4.5 


125 


19.3 



The result was that, when pH was 4.5, the converting rale of glucuronolactone to the cyclopentenone by heat- 
ing was about 19% when calculated as moles. M r^LJ, II „^ 
(4) The pH of 1% aqueous solution of galacturonic acid was adjusted to 1 , 2, 3, 4, 5. 6 or 7 by HCI or NaOH followed 
by heating at 12rC for four hours. The heat-treated solution was trimethylsilylated by a method mentioned in 
Example 5-(1) and the amount of the resulting cyclopentenone was determined by means of gas chromatography. 

The results are shown in Table 6. 



Table 6 



2 


66 6 




3 


42,7 


7.27 
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Table 6 (continued) 



PH 


Amount of the Cyclopen- 
tenone(^g/100 jal) 


Converting Rate (%) 
(calculated as moles) 


4 


7.36 


1.25 


5 


5.47 


0.931 


6 


5.45 


0.927 


7 


0 


0 



The result was that, when pH was 2, the converting rate of glucuronic acid to the cyclopentenone by heating 
was about 1 1% when calculated as moles. 

(5) A 1 % aqueous suspension of alginic acid (non-swelling) was adjusted to pH 1 , 2, 3 or 4 with HCI or NaOH. On 
the other hand, alginic acid (non-swelling) was dissolved to prepare a 1% solution in 0.1 M acetate buffer followed 
by adjusting to pH 5 or in 0.1 M phosphate buffer followed by adjusting to pH 6 or 7, The solutions were heated at 
121°C for four hours. Amount of the cyclopentenone contained in the heated solutions was determined by means 
of a gel filtration HPLC under the following conditions. 

Column: TSK gel a-2500 (7.9 x 800 mm; manufactured by Tosoh) 
Column temperature: 40''C 

Mobile phase: 0.01% aqueous solution of trifluoroacettc acid 
Flow rate: 1 ml/minute 

Detection: by means of absorbance at 215 nm 



Pure cyclopentenone prepared in Example 3-{1) was used as a standard substance and the peak area of the 
cyclopentenone eluted at around 10.0 minutes was measured whereby concentration of the cyclopentenone was 
determined. 

The results are shown in Table 7. 



Table 7 



pH 


pH After Heating 


Concentration of the 
Cyclopentenone 
(pg/lOO ^1) 


Converting Rate (%) 
(calculated as moles) 


1 


1.07 


0 


0 


2 


1.98 


0.536 


0.611 


3 


2.76 


2.00 


2.28 


4 


4.01 


1.05 


1.20 


5 


5.02 


0.167 


0.190 


6 


5.95 


0 


0 


7 


6.90 


0 


0 



The result was that, when pH was 3, the converting rate of alginic acid to the cyclopentenone by heating was 
about 2.3% when calculated as moles. 

Example 12. 

[0120] Pomosin pectin type LM-13CG (manufactured by Hercules), alginic acid HFD (manufactured by Dainippon 
Pharmaceutical), D-glucuronic acid (manufactured by Nacalai Tesque) or glucuronolactone (manufactured by Merck) 
was dissolved or suspended in water to make the concentration 1% followed by heating at 30°C, 60°C. 95'^C. 12rC or 
132°C for 16 hours. The cyclopentenone in the heat-treated substance was trimethylsilylated by a method mentioned 
in Example 5-(1) and the amount of the cyclopentenone produced in the heat-treated substance was determined by 
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means of gas chromatography. The results are shown in Table 8. 



Table 8 



Uronic Acid Compound 


Heating Tempera- 
ture(°C) 


Amount of the Cyclopen- 
tenone Produced (ij/ml) 


Pectin 


121 


176 




132 


128 


Alginic acid 


121 


466 




132 


75 


Glucuronic acid 


95 


302 




121 


718 




132 


132 


Glucuronolactone 


95 


274 




121 


781 




132 


161 



Example 13. 
25 [0121] 

(1) Chondroitin sulfate A (manufactured by Seikagaku), chondroitin (sodium salt; manufactured by Seikagaku). der- 
matan sulfate (sodium salt; manufactured by Serbio), heparin (sodium salt; manufactured by Wake Pure Chemi- 
cals) or hyaluronic acid (manufactured by Seikagaku) was dissolved in water to prepare a 1% solution followed by 

30 adjusting to pH 3 with 1 N HCI. These were heated at 12rC for 4 or 16 hours to prepare a heat-treated solution. 

(2) The heat-treated solution (100 ^il) of chondroitin sulfate A, chondroitin, dermatan sulfate or heparin prepared in 
Example 13-(1) was mixed with a solution (1 mg/ml; 100 ^1) of n-octacosane (manufactured by Nacalai Tesque) in 
n-hexane (manufactured by Nacalai Tesque) followed by drying jn v^cuQ - To this was added 100 ^1 of the above tri- 

35 methylsilylation solution to completely dissolve and the amount of the cyclopentenone in the heat-treated sub- 

stance was determined by a method mentioned in Example 5-(1). 
The results are shown in Table 9. 





Amount of the Cyclopenten- 
one (Mg/100 \\\) in the Solu- 
tion Heated for 




4 hours 


16 hours 


Chondroitin sulfate A 


9.26 


15.71 


Chondroitin 


7.47 


9.11 


Dermatan sulfate 


32.81 


47.60 


Heparin 


5.09 


5.12 



layer cf a^3;2:2 mixture of butyl acetate, acetic acid and water as a aevelopei After the developmerM, coloration was 
conducted by an orcinol-sulfate method and compar ison was made with a spot of standard cyclopentenone The 
result was that production of the cyclopentenone was noted in the heated product of hyaluronic acid for 4 hours 
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and, in that for 16 hours, the increased amount was noted. 
Example 14. 

[0122] Dermatan sulfate (1 g) was dissolved in 100 ml of water and the solution was adjusted to pH 3 with 1 N HCI 
and heated at 12 rC for 16 hours to prepare a heat-treated solution. Then the cyclopentenone was purified from the 
heat-treated substance according to a method of Example 3-(1) to give 30 mg of pure cyclopentenone. 

Example 15. 
[0123] 

(1) The purified/isolated cyclopentenone mentioned in Example 3-(1) was dissolved in water, 10 mM tris-HCI (pH 
7) or 10 mM tris (pH 10) to make a concentration 25 mM, allowed to stand at room temperature or at 4°C and ana- 
lyzed by a TLC mentioned in Example 1 3-(3) . The result was that, when dissolved in water or in 1 0 mM tris-HCI (pH 
7), both solutions allowed to stand at room temperature and at 4^C gave some decomposed matters after one 
month although mostly nondecomposed. In case of the solution which was dissolved in 10 mM tris (pH 10). a rapid 
decomposition was noted at room temperature and. when an analysis was conducted by a TLC immediately after 
dissolution, no spot for the cyclopentenone was noted. 

When the cyclopentenone which was dissolved in water was heated at 12rC for 30 minutes and analyzed by 
a TLC, some decomposed products were noted although most of the cyclopentenone was left nondecomposed. 

(2) A 1% aqueous solution of D-glucuronic acid was heated at 121 °C for four hours and made into a sample where 
pH was unadjusted and another sample where pH was adjusted to 6,6 with NaOH. Each 1 ml of them was sepa- 
rated into some arxJ stored at -20°C, 4'='C or 37°C followed by trimethylsilylating by a method of Example 5-(1). After 
that, the amount of the cyclopentenone in the sample was determined by means of a gas chromatography. 

The result after stored for 25 days was that, in case stored at 37°C, some decrease was noted in the amount 
of the cyclopentenone while, in case stored at 40*'C and at -20*'C, the state was almost stable. Said result is shown 
in Fig. 8. Thus. Fig. 8 is a graph showing the relation between the storing time arxl the amount of the cyclopenten- 
one wherein the abscissa is a stored time (days) and the ordinate shows the cyclopentenone concentration 
(mg/ml). In Fig. 8. open square shows the case where pH was unadjusted and stored at -20°C; black square shows 
that case where pH was 6.66 and stored at -20X; open circle shows the case where pH was unadjusted and stored 
at 4°C; black circle shows the case where pH was 6.66 and stored at 4°C; open triangle shows the case where pH 
was unadjusted and stored at 37^C; and black triangle shows the case where pH was 6.66 and stored at 37°C. 

Example 16. 

[0124] 

(1) The purified/isolated cyclopentenone (1 13.9 mg) mentioned in Example 3-(1) was dissolved in 2.85 ml of etha- 
nol. To this ethanolic solution was added 3.85 ml of hexane/ethanol (94/6) to prepare a cyclopentenone solution (1 7 
mg/ml). This was filtered through a filter of 0.5 |jm to prepare a sample solution for optical resolution HPLC. 

This sample solution was subjected to an optical resolution HPLC, each of the fractions of the cyclopentenone 
in the earlier peak and the later peak was collected and evaporated to dryness in vacuo to give 43.2 mg of the 
cyclopentenone of the earlier peak and 43.0 mg of that of the later peak. 

Conditions for Optical Resolution HPLC. 

Columns: Chiral Pack AS (manufactured by Daicel) 2.0 cm x 25.0 cm 

Column temperature: 40*'C 

Mobile phase; hexane/ethanol (94/6) 

Flow rate: 14.0 ml/minute 

Detection: UV 210 nm 

Amount of the charged sample; 150 pi (2.55 mg) 

Each of the cyclopentenones in both earlier and later peaks contains about 1% of enantiomer and, therefore, 
they were subjected to an optical resolution under the above-mentioned conditions again. As a result, 19.7 mg of 
the cyclopentenone containing no enantiomer was obtained from 30.0 mg of that of the earlier peak while, from 
37.4 mg of that of the later peak, 27.7 mg of the cyclopentenone containing no enantiomer. Optical rotations of the 
cyclopentenones form the earlier and the later peaks obtained as such were [a]o^^ -105° (c = 0.30, ethanol) and 
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[a] 20 +104° (c = 0 53 ethanol), respectively. Thus, the earlier peak substance was (-)-trans-4,5-dihydroxy-2- 
cyclopenten-1 -one [hereinafter, referred to as the (-)-cyclopentenone] and the later peak substance was (+)-trans- 
4 5-dihydroxy-2-cyclopenten-1-one [hereinafter, referred to as the (+)-cyclopentenone]. Incidentally, the optical 
rotation was measured by a polarimeter of a DIP-370 type (manufactured by Nippon Bunko) which was mentioned 
5 already 

Fluting curves of the optical resolution HPLC of the (-)-cyclopentenone and the (+)-cyclopentenone are shown 
in Fig 9 and Fig 10, respectively. Thus, Fig. 9 is an eluting curve of the {-)-cyclopentenone where the ordinate 
shows an absorbance while the abscissa shows an eluting time (minutes). Fig. 10 is an elut.ng curve of the (+)- 
cyclopentenone where the ordinate shows an absorbance while the abscissa shows an eluting time (minutes). 
ID Then each of (-)- and (+) -cyclopentenone was subjected to mass spectrometric analysis, structure analysis by 

nuclear magnetic resonance (NMR). measurement of UV absorption spectrum and measurement of infrared 
absorption analysis according to a method mentioned in Example 3-(2). The result was that both optically active 
substances show the same result as that of the cyclopentenone before the optical resolution. 

Fig. 1 1 shows a ^H-NMR of the (-)-cyclopentenone where the ordinate shows signal intensity and the abscissa 

15 shows chemical Shift values (ppm). ^.K«„K^^i.oo 
Fig. 1 2 shows a ^ H-NMR of the (■h)-cyclopentenone where the ordinate shows signal intensity and the abscissa 

Shows chemical shift values (ppm). ^ ..^ K„h,H,-o4£. 

(2) Trans-cyclopentenone was synthesized by a method which was mentioned in the already-cited Carbohydrate 
ReseaidV Further cis cyclopentenone was svnthesized bv a method which was mentioned in the already-cited 
20 "Helvetica Chimica Acta". Each optically active substance thereof was prepared by means of an optical resolution. 

Each of the prepared (+)-trans-cyclopentenone, (-)-trans-cyclopentenone, (+)-cis-cyclopentenone and (-)-cis- 
cyclopentenone was subjected to measurements of cell growth inhibition, apoptosis Inducing activity, cancer cell 
differentiation inducing activity and antibacterial activity by the method for the corresponding examples whereupon 
each of (-H)-trans-cyclopentenone, (-)-trans-cyclopentenone, (+)-cis-cyclopentenone and (-)-cis-cyclopentenone 
showed cell growth inhibiting activity, apoptosis inducing activity, cancer cell differentiation inducing activity and 
antibacterial activity. 

Example 17. 

[0125] An ethanolic solution (1 mg/ml) of each of the (-)- and (-H)-cyclopentenone obtained in Example 16 was diluted 
lith a 75% aqueous ethanol solution to an extent of 2, 4. 8. 16, 32, 64. 128. 256. 512, 1024 and 2048-fold and each 5 
^1 of them was charged in each of the wells of a 96-well microliter plate followed by drying with ^ir. An RPMM640 
medium (100 d) containing 10% fetal bovine serum containing 5000 human promyelocytic leukemia cells HL-60 (ATCC 
CCL-240) was added to each well and incubated at 37°C for 48 hours in the presence of 5% of carbon dioxide gas. After 
observing the morphology of the cells under an optical microscope, 10 nl of phosphate buffered saline containing 5 
mg/ml of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT; manufactured by Sigma) thereto, an incu- 
bation was conducted for additional four hours and the growth state of the cells was observed under a microscope. Fur- 
ther, 100 nl of 2-propanol containing 0.04N HCl was added thereto followed by well stirring and an absorbance at 590 
nm was measured and defined as the degree of cell growth. . „ . 

[01261 The result was that, even in a fraction to which a 128-fold diluted solution of each of the optically active sub- 
stances of the cyclopentenone was added (final concentration: 0,39 ng/ml), a cell growth inhibiting activity was noted. 
Further, an apoptosis inducing action was noted as well. 

Example 18. 

[0127] 

(1) To an RPM1 1640 medium containing 10% of fetal bovine serum containing 1 x lO^/ml of HL-60 cells was added 
10 1 0 1 or 0 01 MQ/ml of the cyclopentenone, then incubation was conducted at 37°C in the presence of 5/o of 
carbon dioxide gas for three or six days and the viable cell number were counted. The result on the sixth day of the 
incubation was that, as compared with the control to which no cyclopentenone was added, no viable cell was found 

■ . , • -'^-^r.H ;v'^i'<^ ir tHp fractions to which 1 |ig/ml, 0 1 tig/ml 
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30 



35 



40 



45 



5C 



^qld of HL- eVcells wheTein^ihe a^^^^^^^ .rcubat.on time (days) wn, e tne oidmate shows the viable cen 

r-unnber (x 10^/ml) ,n the incubated liquid In the cu-ve. ooen square shows the case whe'e no sample was added 
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75 



20 



40 



45 



50 



(control); open rhomb shows the case where 10 pg/ml of the cyclopentenone was added; open circle shows the 
case where 1 pg/ml was added; open triangle shows the case where 0.1 ^g/ml was added; and black square shows 
the case where 0.01 ng/ml was added. 

(2) To HL-60 cells was added lO"'* Mg/ml of the cyclopentenone and an incubation by the same manner as in Exam- 
ple 15-(1) was conducted for three days. A part of the cells was taken, smeared on a slide glass, subjected to a 
Wright-Giemsa stain which was mentioned in "Techniques of Tissue Culture" (edited by Japan Society of Tissue 
Culture; published by Asakura Shoten; 1982). page 191 and an observation was conducted under an optical micro- 
scope. The result was that the differentiated cells were around 10% in the control where no cyclopentenone was 
added while, in the fractions to which the cyclopentenone was added. 50% or more cells were differentiated to 
monocyte- or to macrophage-like cells. 

(3) To HL-60 cells was added 0.5 ^g/ml or 0.005 ^g/ml of the cyclopentenone and Incubation was conducted by the 
same manner as in Example 18-(1) for three or six days. A part of the cells was taken, smeared on a slide glass, 
subjected to a Wright-Giemsa stain and an observation was conducted under an optical microscope. The result 
was that the differentiated cells were around 10% in the control where no cyclopentenone was added while, in the 
fraction to which 0.005 Mg/ml of the cyclopentenone was added. 25% or more cells were differentiated to rriature 
bone marrow cells. The results are shown in Fig. 14. Thus. Fig . 14 shows the relation between the incubation time 
and the ratio of mature bone marrow cells in the incubated cells where the abscissa shows incubation time (days) 
while the ordinate shows the ratio (%) of the mature bone marrow cells occupying in the incubated cells. In Fig. 14, 
open square shows the case where no sample was added (control); open circle shows the case where 0.5 ^g/ml 
of the cyclopentenone was added; and open triangle shows the case where 0.005 ^ig/ml of it was added. 



Example 19. 

25 

[0128] 



(1) Antibacterial action of the purified/isolated cyclopentenone mentioned in Example 3-(1) was measured using 
the following strains. Thus, the strains used for the measurement were as follows. Thus, tested microorganism (1)- 
30 Salmonella enter itidis (a strain for a food poisoning case); tested microorganism (2): Salmonella typhimurium (a 

strain for a food poisoning case); tested microorganism (3): Staphylococcus aureus FRI 722 (a strain producing 
enterotoxin of type A); tested microorganism (4): Staphylococcus aureus (resisting to methiciilin); tested microor- 
ganism (5): Bacillus cereus (a strain for a food poisoning of vomiting type); and tested microorganism (6): Bacillus 
cereus (a strain for a food poisoning of diarrhea type). All of those strains were stored at the Department of Hygi- 
35 enics, Kagawa Nutrition College. 

Measurement of the antibacterial action was conducted using a growth inhibiting effect to each of the test 
microorganisms as an index. Thus, a certain amount of each of the test microorganisms was added to a medium 
containing the cyclopentenone of a certain concentration, the resulting test microorganism solution was incubated 
for 16 hours or 48 hours and the viable cell numbers thereafter were compared. 

First, a certain concentration of the cyclopentenone was added to a sensitivity test broth (manufactured by Nis- 
sui) to conduct a continuous 2*^ dilution. Then a microorganism solution subjected to a preincubation at 37°C for 16 
hours in a sensitivity test broth was inoculated in an amount of 10^ cells/ml and incubated at 37°C. Measurement 
of viable cell numbers for each incubation time for each strain was conducted after diluting the incubating solution 
to a certain extent followed by spreading on the surface of solid medium. In measurement of cell numbers for each 
microorganism. DHL (manufactured by Eiken). Baird Parker agar (manufactured by BBL) and NGKG agar (manu- 
factured by Nissui) were used for Salmonella. S. aureus and B. cereus. respectively With respect to B. cereus only 
incubation was conducted at 32°C. The measured cell numbers at each incubation time were expressed in com- 
mon logarithm as CFU (colony forming units)/ml. The following Table 10 shows the numbers of the tested microor- 
ganisms after incubation for 16 hours and Table 1 1 shows those after incubation for 48 hours. The cyclopentenone 
showed an antibacterial action to any of the tested organisms. Incidentally in Tables 10-13, the sign (-) in the tables 
means that no growth of the test microorganism was noted. 
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Table 10 



Concentration of Added Sam- 
pie in incuDdiiny ouiuuum ui 
Tested Microorganism (ppm) 


Numbers of Test Microorganism after Incubation 
for 16 Hours (CFU/ml) Test Microorganism 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


1563 














781 














391 






6.1 








195 


3.0 


3.0> 


4.9 


4.3 






98 


5.2 


5.0 


4.7 


5.5 


5.8 


3.0 


49 


7.0 


6.7 


6.9 


6.1 


6.9 


6.8 


0 


8.8 


8.3 


8.7 


8.4 


8.4 


7.8 



Table 1 1 



Concentration of Added Sam- 


Numbers of Test Microorganism after Incubation 


ple in Incubating Solution of 


for 48 Hours (CFU/ml) Test Microorganism 


Tested Microorganism (ppm) 
















(1) 


(2) 


(3) 


W 


(5) 


(6) 


1563 














781 














391 














195 














98 










8.1 


5.0 


49 


9.0 


8.5 


8.5 




8.4 


7.9 



(2) Antibacterial action of the above cyclopentenone to Escherichia coli and enterohemorrhagic Escherichia coli 
was measured. The tested microorganisms were as follows 

Tested microorganism (7): Escherichia coli (S-0157:H7. VT1 .2-producing strain): tested microorganism (8): 
Escherichia coli {Y3-0157-H7 VT1 .2-producing strain); tested microorganism (9); Escherichia coli (Y.I -01 57:H7, 
VT1 -producing strain); tested microorganism (10): Escherichia coli (S-026:HNM, VT1 -producing strain): tested 
microorganism (11): Escherichia coli (S-0111:HNM, VT1 .2-producing strain); and tested microorganism (12): 
Escherichia coli (isolated from food). 

All of those strains were stored at the Department of Hygienics, Kagawa Nutrition College. 

Measurement of the antibacterial action was conducted by the same manner as in Example 19-(1). 

First, the cyclopentenone of a certain concentration was added to a sensitivity test broth (manufactured by Nis- 
sui) and a continuous 2" dilution was conducted. Then a microorganism solution subjected to a preincubation at 
^.^ r 1A hn.j^c in a sensitivity test broth was inoculated in an amount of 10^ cetls/ml and incubated at 37°C. 



?ncne shc.ved an a-tibactenaJ action to any of tne tested microof ganisms. 
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Table 12 



uonceniraiion oi Aaaea bam- 
ple in Incubating Solution of 
Tested Microorganism (ppm) 


Numbers of Test Microorganism after Incubation 
for 16 Hours (CFU/ml) Test Microorganism 




(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


1563 












3.0> 


781 






3.0> 






6.4 


391 


3.6 


2.2 


3.0> 




3.6 


5.8 


195 


4.7 


4.7 


3.0> 




6.2 


6.6 


98 


7.0 


7.0 


7.1 


6.1 


7.4 


8.3 


49 


6.3 


6.9 


7.1 


7.1 


8.0 


8.2 


0 


8.5 


8.0 


8.6 


8.5 


8.5 


8.5 



Table 13 



Concentration of Added Sam- 
ple in Incubating Solution of 
Tested Microorganism (ppm) 


Numbers of Test Microorganism after Incubation 
for 48 Hours (CFU/ml) Test Microorganism 




(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


1563 














781 














391 














195 










4.1 




98 


8.9 


5.3 


8.6 


7.4 


8.5 


5.0 


49 


8.5 


9.3 


8.5 


9.8 


8.5 


10.1 



(3) The followings were used as testing microorganism for measuring the antibacterial activity of the above 
cyclopentenone. They were testing microorganism (13): Escherichia coll HB101 (ATCC 33694); testing microor- 
ganism (14): Salmonella typhimurium LT-2 (ATCC 27106); testing microorganism (15): Pseudomonas aeruginosa 
(IPO 3080); testing microorganism (16): Staphylococcus aureus 3A (NCTC 8319); testing microorganism (17): 
Bacillus subtilis (IPO 3034); and testing microorganism (18): Streptococcus mutans (G55; stored at National Insti- 
tute of Health). 

The testing microorganisms were subjected to a seed culture overnight in an L-broth (1% tryptone. 0.5% yeast 
extract and 5% NaCI; pH 7.0). The seed culture (5 ^1) was inoculated to a medium to which 25-200 ^ig/ml of 
cyclopentenone was added to 5 ml of L-both and also to a medium to which nothing was added and a shake incu- 
bation was conducted at 37°C to measure the growth. At the initiation of the incubation and also at eight hours 
thereafter, turbidity of the culture was measured using a Fuji Digital Turbidimeter (sold from Fuji Kogyo KK; manu- 
factured by Akiyama Denki Seisakusho) under the condition that the adjusted scale was 82.3 and the growth of the 
tested microorganism was measured from the value (growth turbidity) obtained by deducting the turbidity at the ini- 
tiation of incubation from that after eight hours. Incidentally, in the case of the testing microorganism (18), a brain 
heart infusion was used instead of L-broth. 

The results are shown in Table 14 where "-" means uninvestigated. 
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Table 14 



(Growth Turbidity) 


Tested Microorganism 


Amount of the Cyclopentenone Added 
(pg/ml medium) 




0 


25 


50 


100 


200 


(13) 


222 


0 


0 


0 


0 


(14) 


273 






0 


0 


(15) 


239 


2 


0 


0 


0 


(16) 


243 


203 


158 


0 


0 


(17) 


267 


145 


9 


0 


0 


(18) 


140 


133 


130 


34 


6 



Thus, the cyuopemenone showed an antibacterial activity to all of the microorganisms tested. 

20 (4) Antibacterial activity of the cyclopentenone to hiochi bacteria was tested by the following methods. The testing 

microorganism was subjected to a stationary incubation for five days in an SI medium (Japan Brewery Association) 
containing 10% of ethanol to give a seed microorganism. The seed microorganism (0.1%) was added to 100 ml of 
10% ethanol-containing SI medium to which the cyclopentenone was added in an amount of 0, 25, 50. 75 or 100 
pg/ml (in terms of final concentration), then a stationary incubation was corxiucted for five days and the turbidity 

25 was measured. In measuring the turbidity, the value of ODgoo was measured using an absorbance meter A value 

of ODfioo of the medium to which no testing microorganism was inoculated was deducted from the above value and 
this (growth turbidity) was used for the growth of the tested microorganism. 

The tested microorganisms were as follows. Thus, Lactobacillus fructivorans (IFO 13118) (testing microorgan- 
ism A). Lactobacillus fructivorans (JCM 1198) (testing microorganism B) and Lactobacillus homohiochii (IFO 

30 131 20)* (testing microorganism C) as true hiochi bacteria while Lactobacillus rhamnosus (IFO 3532) (testing micro- 

organism D) was used as hiochi lactobacteria. The results are shown in Table 15. 



Table 15 



(Growth Turbidity) 


Tested Microorganism 


Amount of the Cyclopentenone 
Added (^g/ml medium) 




0 


25 


50 


75 


A 


0.96 


0.17 


0,02 


0 


B 


2.03 


0.01 


0 


0 


C 


1.61 


0.32 


0.08 


0 


D 


0.35 


0.04 


0.01 


0 



5C 



Growth of the tested microorganisms A, C and D was completely inhibited by 75 pg/mt while that of the tested 
microorganism B was completely inhibited by 50 MQ/ml. Thus, the cyclopentenone showed an antibacterial action 
to hiochi bacteria as well. 

Further the cyclopentenone showed an antimicrobial activity at high concentrations to fungi such as Saccha- 

., . . «w ^ . ^..^ r,^r-or^ii!i ic fi imioqtu:^ TIMM 1 776 as well 



[0129] 

n^ Vibrio pamhaemolyticus 4387-61 or Vibno parahaemolylicus T4144-1 (both stoted at NJatonal Institute of Hygi- 
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enic Sciences) was inoculated to make 1 0^ cetls/ml to a trypto-soya bouillon medium (manufactured by Nissui) con- 
taining 800. 400, 200. 100. 5. 25. 12.5. 6.15, 3.13 or 1 .56 ^g/ml of the cyclopentenone and a stationary incubation 
was conducted at 37^C for 24 hours. The result was that, in any of the strains, no growth of the microorganism was 
noted in the fractions where 12.5 ^g/ml or more cyclopentenone was added. 

The culture (50 ^1) where no growth of the microorganism was noted was spread on 20 ml of a trypto-soya 
bouillon agar medium containing no cyclopentenone and incubation was conducted at 37°C for 24 hours. The 
result was that, in any of the strains, no growth of microorganism was noted on the agar medium on which a fraction 
(to which 50 ^g/ml or more cyclopentenone was added) was spread. 

From the above, the cyclopentenone showed an antibacterial action to Vibrio parahaemolyticus 4387-61 and 
to Vibrio parahaemolyticus T4144-1 at 12.5 ng/ml and showed a bactericidal action to both strains at 50 [iQ/m\. 

(2) Campylobacter jejuni A3309 (stored at the Institute of Hygienic Sciences) was inoculated to a brain heart infu- 
sion medium (manufactured by Difco) containing 2% of calf serum (manufactured by Dainippon Seiyaku) and sub- 
jected to a shake preincubation at 37°C for 16 hours. The culture (50 ^\) was spread on 20 ml of 0.5% NaCI- 
containing Muller-Hinton plate medium (manufactured by BBL) containing 800. 400, 200, 100. 50, 25, 12.5. 6.25, 
3.13 or 1 .56 ^g/mI of cyclopentenone and subjected to a stationary incubation at 37°C for 48 hours. 

The result was that no growth of the microorganism was noted on the plate medium to which 12.5 ng/ml or 
more cyclopentenone was added. 

Thus, the cyclopentenone showed an antibacterial action to Campylobacter. 

(3) Measurement of antibacterial action of the cyclopentenone to Legionella pneumophila (isolated from a washing 
of human bronchus; testing microorganism (1)) and Legionella pneumophila (isolated from bathtub water of hot 
spring; testing microorganism (2)) (both stored at Department of Hygienics. Kagawa Nutrition College) was con- 
ducted using the growth-inhibiting effect to each of the testing microorganisms as an index. Thus, a certain amount 
of each of the testing microorganisms was added to a liquid medium containing a certain concentration of the 
cyclopentenone, the resulting testing microorganism suspension was incubated for 16 hours, 48 hours, 72 hours or 
96 hours and the viable cell numbers after incubation were checked. 

First, a certain concentration of cyclopentenone was added to a BCYE a broth (manufactured by Oxoid) and 
subjected to a 2" continuous dilution. A bacterial suspension preincubated at 37'*C for 16 hours in a BCYE a broth 
was added thereto to make the cell numbers 10^/ml and incubated at 37*^C. Measurement of the viable cell num- 
bers for each incubation time for each microorganism was conducted by an appropriate dilution of the culture fol- 
lowed by spreading on the BCYE a agar (manufactured by Oxoid). 

The measured cell numbers for each incubation time was given a CFU (colony forming units)/ml in terms of 
comon logarithm. The results are shown in the following Table 16. The cyclopentenone showed an antibacterial 
action to any of the microorganisms. Incidentally. in the table means that no growth of the tested microorganism 
was noted. 



Table 16 



Concentration of the Added 
Sample in the Culture of the 
Tested Microorganism (ppm) 


Numbers of Tested Microorganism Cells after 
each Incubation (CFU/ml) 




(16-hr incubation) 


(96-hr incubation) 




Tested Microorganism 




(1) 


(2) 


(1) 


(2) 


24 










12 


5.7 


6.1 


8.3 


8.6 


0 


6.9 


7.4 


8.7 


8.6 



(4) As to Helicobacter pylori strains, a standard strain NCTC 11637 (ATCC 43504) and clinically isolated strains 
from human stomach (206 and 3401; both stored at Department of Bacteriology, Hyogo Medical College) were 
used. Each strain was subjected to a shake incubation at 37°C under a slightly aerophilic condition using an Aner- 
opack Campiro (manufactured by Mitsubishi Gas Chemical) in a Brucella Broth Medium (manufactured by BBL) 
containing 7% of horse serum (manufactured by Bio Whittaker). The microorganism in a logarithnic growth phase 
was diluted with a Brucella Broth and used for the test. A 24-well plate (manufactured by Falcon) was used for the 
experiments. The cyclopentenone was charged at the rate of 0. 1 ml (1 ,000 Mg)/well, subjected to a two-step dilution 
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us.ng PBS and immobilized by add.ng 0.9 ml/well of a medium [a Brucella agar -^^'"•^(P^J °) ^^^^^^^^^^^^^ 

horse serum (manufactured by BBL)], The Brucella agar medium was previously adjusted to pH 6.0 with HOI and 

was use fo"r he exrer!ments.'Each microorganism was inoculated a, the rate o, ^'^-jj ° ^^^^^^^^^^ 

lation of the microorganism, incubation was conducted under a slightly aerophilic condition at 37 ^ '°r 3-4 days^ 

iudge °he antibacterial activity, The amount of a sample (^g/ml) showing 90% or more inhibition was defined as the 

Cl Z Result was that, to all of the stams tested, the f^lC was 32 pg/ml and the cyclopentenone showed an anti- 

bacterial action to Helicobacter strains. 

Example 21. Anticancer Action of the Cyclopentenone to Solid Cancer. 

[0130] The cyclopentenone mentioned in Example 3-(1) was diluted with a physiological saline solution to certain con- 
centrations and the following tests were conducted. 

(1) Meth A cells (2 x 10^ cells/mouse) was subcutaneously injected to abdomen of female BALB/c ^^^i^e of eight 
weeTs agC (body weight: about 20 g). After that, the cyclopentenone (5 mg/kg/day) was subcutaneously injected to 
The same area forcontinued five days. On the other hand, a physiological saline solution was subcu aneously 
!nj ecte^to a cor^Uo. gr^^^^ the same manner. After two weeks, cancer tissues generated in abdomen of the mice 
was excised and the weight was measured. The result IS given in Table 17. ^ ... ^ -.^ 

ll^Ti 1. Tl.r.^ Ir., ^ w^inht of the cancer was 1 .41 g while, in the group administered with the 

cycloimenon; (7mg"/Kg/daT). the w;ight was 0.0 g whereby generation of cancer tissue was not noted at a„ ana 
the inhibiting rate was 100%. 



Table 17 



25 



30 



35 



Mice (%) 


(n) 


Tumor Weight (g) (aver- 


Inhibiting Rate 




age ± SD) 




Control 


(7) 


1.41 ± 0.55 




Administered with Cyclopentenone 


(8) 


0.00 ± 0.00 


100.0 



5C 



12) Sixteen female mice of ICR strain of six weeks age (body weight; about 26 g) were used. Sarcoma-180 (5.5 x 
foe^clSls/mluTeTwas ^ injected into abdomen whereupon a control group (8 mice) and a group 
administered with the cyctopentenone (8 mice) were made. ^ - . , ^ 

^e cyclopentenone was diluted with tap water and freely given to the cyclopentenone-adm.nistered group to 
makr^he So he cyclopentenone about 80 mg/kg/day using a water-supplying bottle. Tap water was similarly 
len to the control group. In both groups, feed was freely given during the course of the expenment. 

Nurnbers of living nJce on the 40th day after subcutaneous transplantation of Sarcoma-180 were two out of 
eightTnThe control group while those in the cyclopentenone-administered group were seven whereupon a signifi- 
cant life-prolonging effect by administration of the cyclopentenone was noted. 

(3) Mouse leukemia P-388 (1 1 x 10^ cells/mouse) was intraperitoneally injected to female DBA/2 mice of seven 
wLte ace body weight- about 20 g). After that, the cyclopentenone (10 mg/kg/day) was intrapentoneally injec ed 
to c^n'nued °ve daT n the meanwhile, a physiological saline solution was intraperitoneally injected to a control 
luo Z'e sameTanner In two gioups (each comprising eight mice), survived numbers of mice, average sur- 
vine Says andre-prolonging rate were calculated. The results are shown in Fig. 15. Thus, in the control group^ 
LTaqe sur' vtg days were 10 3 days while, in the cyclopentenone-administered group, they were 31 .4 days and 
'he me p olo7ging rate was 306.1% showing a significant life-prolonging effect. Fig. IS shows the anticancer effect 
of the cvSopentenone where the ordinate shows survived numbers of nice while the abscissa shows survived days 

nq 1? a sond line ^hows the cyclopentenone-administered group while a broken line shows the control group. 

X all 1 6 ?emale n^ce of an'cR strain of five weeks age (body weight: about 25 g) were -^.^ -^Sarcor^a^ 
180 (5 5 x 10^ cells/mouse) was .ntraperitoneally injected to set up a control group (compnsing eight mice) and a 



" ''S;^ el'Sma'e mS'JS? 's^^i^^n'^U^Ze^'soe (body ..e ght aoo., 25 g) ,ve:e used and EAC (. 2 
X 10^ cells/mouse) was intiapentoneally injected to set up a control gioup (ccn.pnsing e.ght m:ce, and a cyciopen- 
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tenone-administered group (comprising eight mice). 

nrnJr!!^ '^^""So Tl^ '^^ "^^^^ °^ Sarcoma-180, IMC and EAC, the mean survival days of the control 

groups were 22.6 days, 10.8 days and 15.8 days, respectively while those of the cyclopentenone-adniniste red 
tnT.^^l' ' ''^^^ ^^y^' respectively wherein the increase in life span were 148%, 188% 

and 255 /», respectively showing a significant life-prolonging effect by administration of the cyclopentenone. 

Example 22. Injections. 
[0131] 

(1) The cyclopentenone was added in a concentration of 1% to a physiological saline solution (Japanese Pharma- 
copoeia) to prepare an injection solution. 

(2) To a physiological saline solution (the same as above) were added the cyclopentenone and glycyrrhetinic acid 
in concentrations of 0.5% and 0. 1 %, respectively to prepare an injection solution 

Example 23. Tablets. 

10132] 

(1) Tablets where each contains 100 mg of the cyclopentenone and a certain amount of microcrystalline cellulose 
were prepared followed by sugar-coating to prepare tablets. y - >e ceiiuiose 

If/7f' ^^""^ ''°T'"'^ ""^ °* cyclopentenone, 10 mg of dipotassium glycyrrhetinic acid and a cer- 
tain amount of microcrystalline cellulose were prepared followed by sugar-coating to prepare tablets. 

Example 24. Ointments. 

[01 33] An ointment was prepared according to the following formulation. 



The cyclopentenone 

Absorption ointment (Japanese Pharmacopoeia) 



1 g 
99 g 



inTablorSn oin.'l'n?'r*'"°H^ T ^l^''^^''"'' ""'^ ^ °* absorption ointment and then the remain- 

o n?pn«rTr^? ^'^''^^"^ ^"^^ "^"^^ding until a homogeneous product was resulted 

lu prepare an oinim©ni. 

[01 35] This ointment is applied 4-5 times a day to the lesion. 
Example 25. Cosmetics. 



[01 36] A lotion in a form of an antibacterial cosmetic material was prepared according to the following formulation. 



Ethanol 


10 parts 


Glycerol 


1 part 


Citric acid 


0.3 part 


Methyl p-hydroxybenzoate 


0.2 part 


The cyclopentenone 


0.1 part 


Perfume 


a little 


Pure water 


added to make 100 parts 



„0941981A1_L> 
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Example 26. Bathing Agent. 

[01 37] Antibacterial bathing agent was prepared according to the following formulation. 



Anhydrous Glauber's salt 


20 parts 


Sodium bicarbonate 


40 parts 


Succinic acid 


10 parts 


The cyclopentenone 


30 parts 


Dyes 


q.s. 


Perfumes 


q.s. 


(prepared in a form of tablets) 



bxampie 27. Dentifrice. 

[0138] Dentifrice was prepared according to the following formulation. 



Calcium carbonate 


50.00% 


Glycerol 


20.00% 


Carrageenan 


0.50% 


Carboxymethylcellulose 


1.00% 


Lauryl diethanolamide 


1.00% 


Sucrose monolaurate 


2.00% 


Perfumes 


1.00% 


Saccharine 


0.10% 


The cyclopentenone 


0.10% 


Water 


balance 


Total 


100.00% 



Example 28. 

[0139] Tablet candy was prepared according to the following formulati 

45 



Sugar 


74.9% 


Lactose 


20.0% 


Sucrose monolaurate 


0.2% 
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[0140] Antibacterial beverages were prepared according to the following methods. 

(1) Pectin (Pomosin Pectin LM-13CG; manufactured by Hercules) (5 kg) was added to 100 liters of tap water and 

SsZTs Z':nSiZ ''TT"'' °' '° °' "^'-'"^ steam thl^Lto during 

add^ 1 35 ko Of CemS hours w.th stirrmg and cooled to prepare 135 liters of cooled mixture. To this were 

added 1 ,35 kg of Celile #545 (manufactured by Celite) and 1 .35 kg of Silica #600-S (manufactured by Chuo Silica^ 
as f ,lter ads and filtration was conducted using a compact filter (6-Inch filter paper in l 6 stag s ADviNTEC S 
precoated with 0. 1 kg of Celite #545 and 0. 1 kg of Silica #600-S. The resulting titrate was subjected to a Lntinuous 
instant heatmg treatment (at 98"C for 60 seconds) using a plate heater (manufactured by Sran slakusH fol 
lowed by coo ng to prepare 150 liters of heat-treated pectin solution containing the cyclopentenone ^ 
.uJr H ^«^<-*f/<^«^Pec<'^ solution containing the cyclopentenone had pH of about 3,5, acidity of 6 2 ml and 
sugar degree of 5.8 Brix%, Incidentally. pH was measured by a pH meter, acidity was exp essed in erms ofl^e 
amount (ml) of 0,1 N NaOH used for neutralizing to pH 7,0 and sugar degree was measurS by a B^x srchal^m 



(2) Green tea was prepared by a conventional means using 10 g of green tea leaf, 0.2 g of vitamin C and 1 000 ml 
of deionized water. The already-prepared heat-treated pectin solution containing the cydopeSone was IddiTn 
an amount Of 200 mg (on a solid base; containing 1.6 mg of the cyclopentenone) to 100 SoMhe grem tea to^re 
pare a product (1) of the invention. The control was that to which nothing was added. An oCnoteptic evaluation 

X^e::rr:::t:rsrwrnt^eT^^^ 



Table 1 8 



Organoleptic Evaluation 




Product (1) 


Control 


Breadth of Taste 


4.3 


3.2 


Balance of Taste 


3.9 


3.4 


Total Taste 


4.3 


3.3 



h=,< l!T ^"iV^' T" " comparKl with the cMrol, the pioducl (1) of the present invention 



Example 30. 

[0141] Beverage was prepared according to the following formulation. 



Fructose-Giucose-Liquid Sugar 


5.00% 


Sugar 


4.00% 


Acidic agent 


1.20% 


Perfumes 


0.30% 


Cyclopentenone-containing material 


0.5% 


Pure water 


balance 


Total 


100.00% 
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[0142] The heat-treated pectin solut.on containing the cyclopentenone mentioned in Example 29-(1) -^^^^^^^^^^^^^ 
cycbpentenone-containing material and its amount calculated on a solid basis was added. This beverage (1 00 ml) con- 
tains 4 mg of the cyclopentenone. 

5 Example 31. 

mi441 Such a difference became clearer with a lapse of days and, in the observation after four days, the cabbage 
int apueouT-^^^^^^^^^ °' ^he cyclopentenone showed no bad smell keeping the freshness as compared w,th 
that dipped in water (control). 

MERIT OF THE INVENTION 

mi 451 The oresent invention offers the cyclopentenone and optically active substances thereof which exhibit physio- 
[0145] The present '"^^nt on one s. i y proliferation, inducing action for cancer cell 

bacterial dentifrices and antibacterial bathing agents containing the cyclopentenone and/or its optically active 
mtzrTn^'ccolit: e'prtsent invention, it is now possible that an appropriate amount of the cyCopentenone 

fo«"r'l^^«*T,rp.\" n"l,n,ion o«ers , subsance »hich conslns a saech„id« compound «.n,a,„i„9 u.onlc 



10 



15 



20 



25 



30 



35 



cha'acter:zed n tnat at least one su 



fcstance selected f'O'r, the ^oPowing 'a), {b;' ana (C' is heated 
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(a): uronic acid or uronic acid derivative(s); 

jb): a saccharide compound which contains uronic acid and/or uronic acid derivative(s- and 
live(s)^''^^^^''" containing a saccharide compound which contains uronic acid and/or uronic acid deriva- 



10 




[1] 



15 



20 



Incl SipIh , ?n ■ '^'^'^^ characterized in that at least one sub- 

stance selected from he following (a), (b) and (c) is heated and the 4,5-dihydroxy-2-cyclopenten-1-one repre- 
sented by the formula [1] Is collected from the above heat-treated product. ' ^ ^ ^ lemonerepre 

(a) ; uronic acid or uronic acid derivative(s); 

(b) : a saccharide compound which contains uronic acid and/or uronic acid derivative (s)- and 
fiveCs)^""^*^"" containing a saccharide compound which contains uronic acid and/or uronic acid deriva- 



2S 




[1] 



^' n2T°^ °^ manufacturing 4,5-dihydroxy-2-cydopenten-1-one according to claim 1 or 2 wherein uronic acid is 
galacturonic acid, glucuronic acid, guluronic acid, mannuronic acid and/or Iduronic acid, 

^' ^tirl^^ I? n'r^"'''^''''^ 4,5-dihydroxy-2.cyclopenten.1 -one according to claim 1 or 2 wherein uronic acid deriv- 
ative IS salt of uronic acid, or uronic acid lactone, uronic acid ester, uronic acid amide or salt thereof. 

^' ^nmn!" nH°' '"^""'^'t'^^.^S 4,5-dihydroxy-2-cyclopenten-1 -one according to claim 1 or 2 wherein the saccharide 
compound is a saccharide compound which is selected from pectin, pectic acid, alginic acid hyaluronic acW 

^" 1T,!h^^^ manufacturing 4,5-dihydroxy-2-cyclopenten-1 -one according to any of claims 1-5 wherein the heat- 
treated product IS obtained by heating at 60-350°C for several seconds to several days. 

7. A method of manufacturing 4.5-dihydroxy.2-cyclopenten-1-one according to any of claims 1-6 wherein the heat- 
treated product IS obtained by heating under acidic to neutral conditions. 

I'rnTclXrSo^^^^^^^^ '^'^^ °^ 4,5-dihydroxy.2.cyc,open,en-1 -one which is character- 

yd^roi' 2-crrp:n;rn!i re^^'^^^"' "'^^'^^ ^--^^ ^-^-^ 

(a): uronic acid or uronic acid derivative(s), 
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(b) a saccharide compound which contains uronic acid and/or uronic acid derivative(s), and 

(c) : a substance containing a saccharide compound which contains uronic acid and/or uronic acd denva- 

tive{s), 

(B) : an optional step wherein 4,5-dihydroxy-2-cyclopenten-1 -one is isolated from the resulting heat-treated 

product; and , , 

(C) : a step where 4,5-dihydroxy-2-cyclopenten-1 -one is subjected to an optical resolution. 

9 A method of manufacturing an optically active compound of 4,5-dihydroxy-2-cyclopenten.1-one according to da^^ 
8 wherein uronic acid is galacturonic acid, glucuronic acid, guluronic acid, mannuron.c acd and/or duron.c acid. 

10 A method of manufacturing an optically active compound of 4,5-dihydroxy-2-cyclopenten-1-one ^ccord-n9^^^ 
8 wherein uronic acid derivative is salt of uronic acid, or uronic acid lactone, uron.c acd ester, uronic acd amide or 
salt thereof. 

1 1 A method of manufacturing an optically active compound of 4,5-dihydroxy-2-cyclopenten-1-one according to c\a\m 
8 ^hlTnl sac ha^e compound is a saccharide compound which is selected from pectin, pect.c acd, alg,^ 

hyironic acid, heparin heparan sulfate, fucoidan, chondroitin sulfate, chondroitin, dermatan sulfate and/or 

decompobfciu product thereof. 

1 2 A method of manufacturing an optically active compound of 4,5-dihydroxy-2-cyclopenten-1 -one according to any of 
cJmsTl l wherein the heat-treated product is obtained by heating at 60-350=C for several seconds to several 

days. 

^5 1 3 A method of manufacturing an optically active compound of 4,5-dlhydroxy-2-cyclopenten-1 -one according to any of 
claTr^sTl 2 wherein the heat-treated product is obtained by heating under acidic to neutral conditions. 

14. The (.)-4,5-dihydroxy-2-cyclopenten-1-one having an optical rotation lah^° -105° (c = 0.30, ethanol). 

30 15. The (+)-4,5-dihydroxy-2-cyclopenten-1-one having an optical rotation Md'" of +104« (c = 0,53, ethanol). 

16. An anticancer agent which Is characterized in containing 4,5-dihydroxy-2-cyclopenten.1.one represented by the 
formula [1] and/or an optically active compound thereof. 
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17. A cancer cell differentiation inducer which is characterized in containing 4,5-d,hyd,oxy-2-cyclopenten-1 -one repre- 
sented by the formula [1] and/or an optically active compound thereof. 



[1] 




.Ar apoptcsis inciucei which charactci .ztc i. ■ c^- r.^r g ^ r . l 
fof'rjls and oi an cpticatly active comoound thereof. 
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[1] 
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tor^TnTJ^l^^^'"' ^^'"^ Characterized in containing 4.5-dihydroxy-2-cyclopenten.1-one represented by the 
formula [1] and/or an opttcally active compound thereof. 
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^1(^5^^^^'''' ""^'"^ characterized in containing the antibacterial agent according to claim 1 9 as effective ingredi- 
enSr*'""^ ""^'"^ characterized in containing the antibacterial agent according to claim 19 as effective ingredi- 
enSr^*'" ""^'^^ characterized in containing the antibacterial agent according to claim 19 as effective ingredi- 
35 di^nt(sr ""^'^^ characterized in containing the antibacterial agent according to claim 1 9 as effective ingre- 

24. The anticancer agent according to claim 16, the cancer cell differentiation inducer according to claim 17 the apop- 
L h''" , ^"^'b^cterial agent according to claim 19, the antiseptic according to ctelm 

S whth h"' r° w ^ '° ' ' • *° ^'^"^ 22 or the bathing agent according to claim 

23 which IS characterized ,n containing 4.5-dihydroxy-2-cyclopenten. 1 -one represented by the formula [11 obtained 
by the method according to claim 1 as effective ingredient(s). ooiainea 
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26. 



The an^cancer agent according to claim 16, the cancer cell differentiation inducer according to claim 1 7 the apop- 
20 ?h'. h"' n ^9«"« according to claim 19, the antiseptic according to cteim 
23 wh^hl^ !-H T° ' ^° ^'^'-^ 22 or the bathing agent according to claim 

23 which .s characterized in containing the heat-treated product according to claim 1 as effective ingredient(s). 

The anticancer agent according to claim 16, the cancer cell differentiation inducer according to claim 17 the apoo- 
SVTh.Z "'V'' "f ' ^SerM according to claim 1 9, the antiseptic according to cLm 

2? whtS r H T *° '""^ *° ^'^"^ °^ ^^e bathmg agent according to claim 

23 which IS characterized in containing 4,5-dihydroxy-2-cyclopenten-1-one represented by the formula [1] obtained 
by the method according to claim 2 as effective ingredient(s). "oiamea 

27. A method for the induction of cancer cell differentiation which is characterized in using 4 5-dihydroxv-2- 
cyclopenten-l -one represented by the formula [1] and/or an optically active compound thereof as effective ingredi- 
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28 A method for the induction of apoptosis which is characterized in using 4.5-dihydroxy-2-cyclopenten-1 -one repre- 
sented by the formula [1] and/or an optically active compound thereof as effective ingredient(s). 
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29 The method according to claim 27 or 28 which is characterized \n using 4,5-dihydroxy-2-cyclopenten-1-one repre- 
sented by the formula [1] obtained by the method according to claim 1 as effective ingredient(s). 

30. The method according to claim 27 or 28 which is characterized in using the heat-treated product according to claim 
1 as effective ingredient(s). 

31 The method according to claim 27 or 28 which is characterized in using 4,5<iihydroxy-2-cyclopenten-1 -one repre- 
sented by the formula [1] obtained by the method according to claim 2 as effective ingredient{s). 

32 Food or beverage which is characterized in that 4,5-dihydroxy-2-cyclopenten-1 -one represented by the formula [1] 
and/or an optically active compound thereof are/is contained therein, diluted thereby and/or added thereto. 




33 Food or beverage according to claim 32 which is characterized in that 4,5-dihydroxy-2-cyclopenten-1 -one repre- 
sented by the formula [1] obtained by the method according to claim 1 is contained therein, diluted thereby and/or 
added thereto. 

34. Food or beverage according to claim 32 which is characteiized in that the heat-treated pioduct acceding to claim 



acrJed tMe' eto 

36. Food or be.- age acceding to any of c'a.m 32-35 vvh.c- ,s chr.'acte. ,^ed .r tnat 4.5-d,h,a.oxy-2-c>clcpenien-l -ore 
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represented by the formula [1] and/or an optically active compound thereof is contained in an amount of 5 x lO'^ 
parts or more per 100 parts thereof. 

37. Food or beverage according to any of claim 32-36 which is an anticancer food and/or an anticancer beverage. 

38. Food or beverage according to any of claim 32-36 which is antibacterial food and/or antibacterial beverage. 

39. A substance which contains a saccharide compound containing uronic acid and/or uronic acid derivative(s) which 
IS characterized in that, in said substance which contains a saccharide compound containing uronic acid and/or 
uronic acid denvative(s), at least a part of reactivity of amines, amino acids, peptides or protein having a reactivity 
with uronic acid, uronic acid derivative(s), an intermediate for 4,5-dihydroxy-2-cyclopenten-1-one represented by 
the formula [1] or 4,5-dlhydroxy-2-cyclopenten-1-one represented by the formula [1] disappears and/or at least a 
part of said reactive substance(s) is removed. 




[1] 



40. The substance which contains a saccharide compound containing uronic acid and/or uronic acid derivative(s) 
according to claim 39 which is characterized in that by dry heating treatment, at least apart of reactivity of amines 
ammo acids, peptides or protein having a reactivity with uronic acid, uronic acid derivative(s). an intermediate for 
4,5-dihydroxy-2-cyclopenten-1-one represented by the formula [1] or 4,5-dihydroxy-2-cyclopenten-1-one repre- 
sented by the formula [1] disappears and/or at least a part of said reactive substance(s) is removed. 

41. The substance which contains a saccharide compound containing uronic acid and/or uronic acid derivativefs) 
according to claim 40 which is characterized in that, the dry heating treatment is conducted by roasting/parching 
the substance which contains a saccharide compound containing uronic acid and/or uronic acid derivativefs) with 
hot air of 60-400''C for several seconds to several days. 



42 



The substance which contains a saccharide compound containing uronic acid and/or uronic acid derivativefs) 
according to claim 41 which is characterized in that the substance which contains a saccharide compound contain- 
ing uronic acid and/or uronic acid derivative(s) is selected from roasted/parched plants, animals or microorganisms. 

43. The substance which contains a saccharide compound containing uronic acid and/or uronic acid derivativefs) 
according to claim 42 which is characterized in that the substance which contains a saccharide compound contain- 
ing uronic acid and/or uronic acid derivative(s) is selected from roasted/parched vegetables, fruits, cereals mush- 
rooms, sea algae, cortex or cartilage. 



44, 



The substance which contains a saccharide compound containing uronic acid and/or uronic acid derivative(s) 
according to claim 39 which is characterized in that by protease treatment, at least a part of reactivity of amines 
ammo acids, peptides or protein having a reactivity with uronic acid, uronic acid derivative(s), an intermediate for 
4,5-dihydroxy-2-cyclopenten-1-one represented by the formula [1] or 4,5-dihydroxy-2-cyclopenten-1 -one repre- 
sented by the formula [1] disappears and/or at least a part of said reactive substance(s) is removed 
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Fig. 3 
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Fig. 8 
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Fig. 9 
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Fig- 11 
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Fig. 12 
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